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McDonnell 119 Turbojet Utility Aircraft 



ANOTHER KAYNAR FIRST! 

A brand new family of 160*000 psi locknuts 



This is a family portrait of u brand new Kaynar locknut line- 
strength-rated at 160.000 psi. Each is related to the other by a well 
known Kaynar trait; iinsurpas-sed quality. In the foreground is 
Kaynar’s new H-14, the industry's first low height, lightweight, 
self-locking nut for 160,000 psi short thread bolts and screws. A 
product of Kaynar’s leadership in research, the H-14 as well as 
the complete line of Kaylock 160,000 p.si lightweight, self-locking 
nut.s paves the way for better designs in every space age project. 

Write today for Kaynar’s new fxtil-line brochure of I SOfiOO 
psi self-locking nuts. 

KAYNAR MPG. CO.. INC.— KAYLOCK DIVISION 

World’s largest and oldest manufacturer of lightweight, all-meui self-looking 
nuts. Home office and plant: Write Box 2001, Terminal Annex, Los Angeles 54. 
Br.inch offices. wacehouses& representatives in Wichita.Knnsas; New York, N.Y; 
Atlanta, Georgia. Canadian Distributor: Abereorn Aero, Ltd., Montreal, Quebec. 
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AVIATION CALENDAR 


Svinposium, Old Point Comfort. Ft. 
N'lonroe, Va. I'or details: Anned Forces 
Special Weapons Center. Kirtland AFB, 
Albuquerque. N. .M. Attn.: SW'RS R. R. 


March 12-Sytnposiiini 


trosvavc Tech. 
. terns. Depart- 
ment of Inicrior AuStorium. Washing- 
ton, D. C. Sponsor: Information Systems 
Branch, Office of Naval Research.' 

Match 16-17-Confetence on the Nuclear 
Optical Model, Florida State Unii-ersitr-, 
Tallahassee, Ila. Sponsors: National 

Science Foundation, Office of Nasal Re- 
search, Air Force Office of Scientific 
Rcsearch/Nuclcar Physics Dis-ision. (Pub- 
lication of proceedings is anticipated.) 

March 16-17-Spring Conference, Lubtica- 

Mcchanical Engineers, Ftanllin Institute, 
Philadelphia, Pa. 

Match 16-20-lllh Western Metal Ejposi- 

Metals, Pan Pacific Auditotium and Am- 
bassador Hotel. Los Angeles, Calif. 

Match 23-25-FIight Testing Conference. 
American Rocket Society, Daytona Pla/a 
Hotel. Daytona Beach, Fla. 

March 2J-26-National Convention, Insti- 
tute of Radio Engineers. Coliseum and 
Waldorf-Astoria Hotel, New York, N. Y. 

March 25-27-l6th Annual Conference, Pa- 
cific Coast Section of the Society of the 
Plastics Industry, Hotel del Coronado, 
San Diego. Calif. 

Match 31-Apt. 3-Nalional Aeronautic Meet- 
ing, Society of Automotive Engineers, 
Hotel Commodore, Nc'v Y'ork. N. Y. 

Apr. 2.3-Conferencc on Electrically Ex- 
ploded Wires, sponsored by the Thermal 

(Coritiiiut'd on page 6) 
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INFOItMATIOri OR CONTACT 
OUR SALES REPRESENTATIVES 
. . . AIR SUPPLY COMPANY IN 


THE PRIMARY FILTER ELEMENT SIGNALS 'EQuest buiietin 
ITS BEING CLOGGED HOURS BEFORE THE 
RELIEF VALVE OPENS! AT THIS POINT, 

THE FH.TER ACTUATES A SIGNAL . . . THEN, 

A STANDBY SECONDARY FILTER ELEMENT 

GOES INTO OPERATION. THERE'S STILL company in the 

TIME TO COMPLETE THE MISSION AND east . . . carrett mpc. corp. 
MAKE A SAFE RETURN. in Canada. 

_ _ A NEW Development Of The 

AERO SUPPLY MEG. CO. INC. 

CORRY, PENNSYLVANIA 

ElECmG-MECHMICAl DEVICES • ENSINEERED FLUID COHIROL SYSTEMS • FRECISIOH MANUFACTURiND 
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CompuDyne® Control 
speeds research, development, production testing of 
missiles and rockets 


In the race against time, CompuDyne Control is playing an 
important role in aircraft, missile and rocket development. 

_ CompuDyne Control is available In a series of highly spe- 
cialized, dynamic control systems. They are capable of pro- 
gramming severe ramp changes in a complex group of test 
variables such as speeds, temperatures, pressures and flows of 
gases and liquids, in tremendous or tiny volumes. They are 
also available for extremely fast, high-accuracy positioning of 
valves, rocket nozzles and similar parts by electronic-hydrau- 
lic means, even where irentendous mass is involved. Or. 
CompuDyne Control Systems can be used for the accurate 
application of loading forces under dynamic conditions. 

Over two hundred CompuDyne Control installations are in 
operation. They include control of test facilities such as 
dynamic structural loading, engine performance, missile 
accessory, hot fuel flow, supersonic and hypersonic wind tun- 
nels and dynamic environmental chambers. 

Application of CompuDyne Control Systems is based on 
analog simulation of the systems and the test process. All 
systems are furnished on a guaranteed-performance basis. 



(Conti'mierf from page 5) 
Radiation Laboialory of the Geophysics 
Research Directorate of the .Mr Force. 
Cambridge Research Center. Somerset 
Hotel, Emton, Mass, 

Apt. 5-10-1959 Nuclear Congress, Munic- 
ipal .'iiiditoiimn, Cleveland, Ohio. For 
information: Bngineers Joint Council, 29 
West ?9th St., Nov York l-S. \. 'i'. 

Apr. 6-8-Fifrh National Mnitary-liidustrial 
Conference. Palmer House, Chicago. 111. 

Apr. 8-Aviators’ Post No. 743 Cen. Wil- 
liam Mitchell Award Dinner, Waldorf- 
•Mtoria, New York, N, Y, 

Apr, 12-15— ,4nmial Meeting, .kineiican 
Assn, of Airport Eseciitives, Savannah, 
Ca, 

Apr. 12.16— International Conference on 
Fracture, .Massachusetts Institute ofTcdi- 
nologv. Cainbridee, Mass. Spiinsois: Air 
Force Office of Scientific Rcscaicli/Solid 
State Sciences Dirision, Office of Naval 
Research. National Science Foundation. 
Natioiul Acadcim of Scicnccv/NRC. 
(Contact: Dr, David K. Felhack, National 
Academe of Sciences, Washington, D. C.) 

Apr. 1219-.\ir Force Assn.’s M'ntid Con- 
gress of Might, Las A’cgas, Ncv . 

Apr. 16— Conference on .Aviation Safetv, 
Hotel Sratler. New York. N. Y, Sponsou 
Greater New York Safetv Council. 

Apr. I6.17-I7th Annual Meeting, Actoiiaii- 
tical Training Sodeti. Desert Inn. Las 
A'egas, N’ev, 

Apr. 16-18-mh Annual Smilhnesicm In- 
sfitute of Radio Engineers Conference 
and Electronics Show, Dallas Meiiional 
Auditorium. Dallas, Tex, 

.Apr. 21-22— Spring Techiiica] Conference on 
Electronic Data Proecssine, Ciiicimiali 
Section of the Institute of Radio Eiigi 
ncers. Engineering Society Bldg., Cincin- 
nali, Ohio. 

Apr, 21-23-Ninlh Aiiiuial Convention, In- 
■ Airline Navigators Council, 


Hotel 


an. Nc 


Y. 


Ai». 22-24-1959 A 

of Em iroiimenfal Engineers, IjSalle Ho- 
le). Chicago. 111. 

Apr. 23.24-Oiiatterlv Regional Meeting. 
Assn, of Local and ’Fcrritotial Airlines. 
Bel .Air Motor Hotel, St. Louis. Alo. 

Apr. 30*May 1— Controllable Satellites Con- 
ference. .American Rockef Society, Massa- 

bridge. .Mass. ^ 

Mav 4.6-NaHonal Aeronautical Electronic 
Confctcncc, Institute of Radio Engineets, 
Biltniorc Hotel. Dayton, Ohio. 

May 4-7-Fiftl. Annual FlighI Test Instrn- 
mentation Symposium, sponsored bv the 
Instrument Society ol .Aincrlca, Seattle 
Section. Olympic I'lolcl, Seattle, Wash. 

May 64-SevcnlIi Regional Conlcrcnee and 
Trade Show, Institute of Radio Engineets, 
LIniicrsity of New Alcxico, .Mhiiqiictquc. 

Mav 6-8—1939 Electronic Components Con- 
ference, Benjamin Franklin Hotel Phila- 
delphia, Pa. Sponsors; Institute of Radio 
Engineers. Electronic Indiistiics Assn., 
.American Institute of Electrical Engi- 
neers, W’est Coast Electronic Manufac- 


Ma 


6-9— 13th Annual National Fonii 
Amenean Helicopter Societv, SlicraU 
Park Hotel, Washington, D. C. 
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Crosley 

And ...««*• 

the Falcon 
Air-to-Air Missile 



'^■'"/crosley 


Avco’s Crosley Division is a major 
contributor to the jivoduction of one of 
the country's most iini»rtant air-to-air 
weapons, the Hughes Falcon missile. 
Crosley’s manufacttiving facilities, its 
skilled personnel anil its willingness to 
see the job tiirougli, on achetiule and 
according to specification, again has won 
it a contract to produce stabilizer 
and flipper assemlilies for the Falcon. 

For the same reasons — skill, quality, 
and willingness to meet difficult schedules 
— Crosley Engineering today is doing 
important work on anotlier missile, 
the U. S. Navy’s Polaris. 

Crosley has to its credit other unique 
tasks that assisted in the development 
of Jupiter, Sergeant and Redstone. 
CROSLEY’S COMPLETE CAPABILITIES 
Together with its as-sociated Avco 
Divisions, Crosley provides facilities 
and personnel for; 

• Weapons si/sfems manage7nent from 
initial concept io production. 

• Production and vianiifactuTing for 
missiles and aircraft systems. 

• Research, developinenl and engineering 
of: communications, air traffic control 
systems, telemetering, automatic lest 
and support equipment, ground 
handling equipment and logistics. 

For additional information, write to:' 
■Vice-President , Market ing-Defensc 
Products, Crosley Division, Avco 
Manufacturing Corp., Cincinnati, Ohio 



World’s largest brazed steel honeycomb panel 



Produced by Rohr to test manufacturing feasibility, this 6 by 12 foot panel represents a giant 
stride toward meeting the structural demands of modern flight. 

A variety of structural insects and external fittings, such as might be required in actual production 
units, have been incorporated. 

Manufactured to highest possible brazing standards, the construction of such a panel is perhaps 
the surest path through the thermal barrier confronimg today's designer of aircraft and missiles. 


Busy building the biggest and best in honeycomb structure. 



12.0 "G " reduced to 0.6 "G" 

This Is Environmental Protection! 

Look at the above illustration, showing two Bendix air data sensors on an 
electromagnetic shake table. Notice the left hand unit which is mounted solidly 
to the oscillating head of the shaker. The image is blurred because a vibratory 
Input of about .187' double amplitude at 35 c.p.s., equalling an acceleration force 
Of 12 “g's”, is being applied directly to It. 

Now look at the right hand unit mounted on a Robinson en g ineered 
mountin g system ... some difference! The clear image of this equipment shows 
the typically high isolation efficiency (over 95X) of the Robinson MET-L-FLEX* 
mounting design. 

Other Robinson designs provide similar protection at higher frequencies 
where the input often reaches 30-40 "g’s”. The natural frequencies of such 
mounting systems are held within limits which are not critical to the equipment. 

Utilizing this mounting system radically reduces the environment to a level 
easily tolerated by any reasonably well designed electronic equipment. Such a 
mounting eliminates the need for costly and time consuming ruggedization. 
Over-all space and weight are held to a minimum. 

Because of the proven performance and reliability record of airborne com- 
ponents now protected by Robinson mountings, an increasing number of manu- 
facturers in the electronics industry are incorporating Robinson mountings as 
an Integral part of their basic equipment design. 

“Performance is the reason . . . Reliability the Result" 


ROBINSON CONTROL IS RELIABILITY CONTROL 

aviation inc. 

TETERBORO • NEW JERSEY 

West Coast Engineering Office: Santa Monica, Calif. 
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TKERMAI. 
PROPERTIES OF 
I<XGXXTWEIGHT MAGNESIUM; 

offer advantages to 
missile men 


Most engineers are aware of the ad- 
vantages available to them when they 
combine magnesium's light weight with 
its good mechanical properties at ele- 
vated temperatures up to 800'F. There 
are, however, other advaniagts such 
as thermal properties that are less 
well known. They, too, can be of real 
value to missile designers. In many 
cases they will open new areas in 
design previously considered closed 
to magnesium. 

Let’s consider one of these, mag- 
nesium's high specifle heat and its 
relationship to missiles. This can mean 
lower temperatures for given flight 
conditions. As a result magnesium 
can be used under very severe Bight 
conditions for short lime applications. 
{See Fig, 2.) This permits the use of 
magnesium in high speed missiles 
which are exposed to heat generating 
atmosphere for only a matter of a few 


seconds. With magnesium acting as a 
heat sink it can result in reducing 
environmental temperature for elec- 
tronic instruments. 


Magnesium offers other thermal prop- 
erties that arc of value in aircraft 
and missile design, For example, the 
thermal diffusivity of magnesium- 


is high and remains fairly constant 
over a large temperature spread. 
Between 68° and 900'F, the thermal 
diffusivity of these alloys is in the 
range of 0.57 and 0.75 cm.Vsec. 
(2.2 and 2.9 ft.Vhr.) 


For more complete data send for 
Bulletin 141-187 "Magnesium Alloys 
for Elevated Temperature Use.” Con- 
tact your nearest Dow Sales Office or 
write to the oow chemical com- 
pany, Midland, Michigan, Depart- 
ment 1300X34. 



THE DOW CHEMICAL COMPANY • MIDLAND, MICHIGAN 
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EDITORIAL 

The Case for Nuclear Powered Aircraft 


Public hearings on (he nuclear powered aircraft program 
will begin soon on Capitol Hill thanks to the persistent prod- 
dings of Sen. Clinton Anderson and Rep. Welvin Price of 
the Joint Congressional Committee on Atomic Energy. This 
will be the first opportunity for the American public to get 
any reasonably clear picture of the status of our military 
nuclear powered aircraft progress and the teal reasons why 
this progress has reached a point of sTitual stagnation. 

Until now, this program, with some genuine cause, has 
been heavily shrouded in secrecy. Only its opponents have 
been able to make public statements supporting their secret 
decisions to retard or eliminate its financial support. We are 
all familiar with the "“shitepoke” jibe of former Defense 
Secretary Charles Wilson when he tried to wipe out the 
entire program in 1953 and the more recent and technically 
indefensime statement of President Eisenhower that a nu- 
clear powered aircraft, even if successful, "could only fly a 
few hundred feet off the ground" (AW Dec. 15, p. 2'7), 
And, of course, the monotonous cliant of Deputy Defense 
Secretary Donald Quarles with the leitmotif of technical 
timidity and false economy is a key roadblock in any attempt 
(0 organize and sustain any type of fruitful pio|tain in this 
area. Mr. Quarles’ consistent record of opposing any promis- 
ing new technical des’elopment program proposed in the 
Pentagon during the past four yean, including the initial 
USAF space exploration efforts, the radar network to moni- 
tor Soviet missile tests, the WS-117L reconnaissance satel- 
lite and efforts on basic research hardly lend credulity to 
his testimony against the nuclear powered aircraft program. 

We firmly believe, along with congressional and USAF, 
Navy and industry experts who have testified On the pro- 
gram that there is a vital need for an accelerated develop- 
ment program aimed at producing militarily useful atomic 
powered aircraft. Within the limits of this space we will 
try to summarize the case for this type of program. 

First, there is a definite military requirement for nuclear 
powered aircraft. 

For the Navy, a large nuclear powered aircraft with 
subsonic cruise speeds would make an ideal anti-submarine 
warfare weapon. Equipped with new and far-ranging detec- 
tion devices now under development, a relatively small fleet 
of these aircraft could effectively comb critical expanses of 
ocean rapidly and effectively to locate enemy stibmarines 
and keep them under constant surveillance, even those using 
nuclear power. For the -10 kt. speed of a nuclear powered 
submarine would avail little against the 350 kt. cruise speed 
of a nuclear powered ASW plane. The Navy believes it can 
best utilize an airborne nuclear reactor to drive turboprop 
engines with a closed cycle type of operation. For only a 
few million dollars it could take the first vital step toward 
developing this aircraft using the British Princess flying boat 
hulls now in mothballs at Cowes. 

For the Ait Force, a nuclear powered aircraft would 
serve several useful purposes. It would provide a vital new 
element of flexibility and dispersal to our strate|ic deterrent 
capability that would be militarily more effechve and eco- 
nomically more feasible than current airborne alert plans 
with chemicallv fueled bombers. 

A relatively small fleet of nuclcar-povvetcd bombers could 
remain on airborne alert continuously for periods of up to 
30 days. They would require relatively short periods on the 
ground for maintenance and crew changes between missions. 
The entire fleet could be operated from a very few isolated 
island bases in the Atlantic and Pacific, These aircraft could 
cany heavy loads of long-range detection gear to provide a 
mobile flexible warning coverage beyond the capability of 
the fixed, immobile stations of the DEW Line and BMEWS 
that arc so vulnerable to enemy ballistic missile attack. 

The nuclear aircraft could also carry a sizable load of 


solid-fueled air launched 1, 500-mi. ballistic missiles that 
would provide an important, dispersed and quickly available 
element of out strategic deterrent. 

In addition, the unlimited range of tire nuclear powered 
aircraft makes it ideally suited for low level penetration to 
enemy targets under or around radar and missile defense 
systems. The high altitude nuclear explosions from Johnson 
Island during the Hardtack operations in 1958 marked the 
turning point for both offensive and defensive aerial de- 
livery systems. The nuclear effects at high altitude are so 
widespread and devastatin| from heat and radiation that 
neither presently known aircraft structures nor nuclear of- 
fensive armament can remain useful when subject to its 
effect even at long range. 

It is this capability for long range, devious, low level pene- 
tration, most probably through holes in an enemy's defense 
blasted by its own air launched missiles, that gives the 
nuclear powered bomber a capability utterly impossible for 
cliemically powered aircraft even with aerial refueling. 

The nuclear powered aircraft also fits into the militarv 
picture as a long-range, heavy cargo logistics support aircraft 
tliat could operate without refueling over intercontinental 
round trip ranges. 

Secoud, the development of useful nuclear powered air- 
craft is technically foible, and this feasibility has been 
demonstrated in an experimental environment. 

The 13-year development program, starved for funds in 
its best years and almost choked lifeless by several economy- 
dictated decisions, has laid the basis for technical exploita- 
tion into workable hardware. If any doubts remain— and 
there are none among the technical personnel actually work- 
ing on these projects-lhey will soon be dispelled by the 
public appearance of a Soviet nuclear powered aircraft whose 
existence was exclusively reported in AvurroN Week, Dec. 
1 (p. 27). The public appearance of a nuclear aircraft 
dunng 1959 also was unequivocally promised by the official 
Soviet radio New Year’s Day scientific broadcast. There 
are many difficult engineering problems, particularlv in liigh 
temperatures metallurgy, between experimental feasibility 
demonstration of airborne nuclear power and production of 
useful operational hardware. But the latter goal will never 
be achieved unless we take the first steps with the determi- 
nation to progress through increasingly better systems until 
the desired efficiency and reliability are achieved. 

Third, radiological safety will permit operation of nuclear 
powered aircraft for military purposes, including exposnti- 
of aircraft crews and ground maintenance personnel and the 
civilian population at large. 

Manv horror stories have grown to credulity in the atmos- 
phere of unnecessary military secrecy that has surrounded 
the radiological safety aspects of nuclear powered aircraft 
both in the air and on the ground. There is no good reason 
why the results of military and industry studies and tests 
in this area should remain secret any longer, and we hope 
Rep. Price’s group will pry it loose in the public interest. 

Our nuclear powered aircraft program has suffered severely 
during the past five vears from financial starvation and con- 
stant shifts in goals and pace by people who have had only 
tlie briefest and most vague contact with, or understanding 
of, the genuine problems involved in this undertaking. At 
this late date in the history of our technological weapons 
development race with tlie Soviet Union, it is imperative 
that vve organize a technically sound and militarily useful 
nuclear powered aircraft program. Then, we must sustain 
it through its inevitable development problems and occa- 
sional experimental failures and finally employ its eventual 
products usefully in the military pattern of the tuturc tnat 
is essential to maintain our position of leadership for the 
free world. —Robert llotz 



thanks to automatic xerography, 



Westinghouse of Kansas City Saves *35,000 yearly 


A XeroX* Copyflo* ] 1 continuous 
primer — automatic xerography at its 
brilliant best — has reduced the cost of 
preparing offset paper masters by near- 
ly 80%. and stepped up reproduction 
capacity 25 times at the Westinghouse 
jet engine plant, Kansas City. 

In so doing the Copyflo printer is 
turning out clear, high-quality, paper- 
work reproduction at a faster rate than 
the division ever attained previously 
by any other method- 

The Copyflo continuous printer is 
saving Westinghouse $35,000 yearly. 
Recent changes in plant operations that 
will permit greater utilization of the 
Copyflo printer are e.xpected to double 
those savings. 

Prior to its installation, the cost of 
preparing an offset paper master, for 
instanee, was approximately 40 cents. 
Now it is 8^ cents. 


Westinghouse previously could turn 
out only 200 masters a day. Recently, 
it prepared 617 in one hour on the 
Copyflo printer. 

Reproduction work at the Aviation 
Gas Turbine Division in Kansas City 
consists largely of forms, sketches, engi- 
neering drawings, change notices, and 
specifications. An important part of 
the volume is the rcprodtiction of 
operational lineups, of which 100,000 
to 140,000 a month are turned out. 

Of priceless worth to Westinghouse 
is the speed with which engineering- 
drawing changes now reach produc- 
tion lines. Changes arc distributed 
sooner, thus saving tremendously in 
machining operations. 

A Copyflo continuous primer is an 
automatic copying machine operating 
on the electrostatic principles of xerc^- 


raphy to produce dry, positive prints 
or offset ])aper master ready for im- 
mediate use. The prints or masters — in 
enlarged, reduced, or the same size — 
emerge from the printer at the rate of 
20 feet a minute on a 2,000-foot con- 
tinuous roll 11 inches wide. 

Wherever fast and economic copy- 
ing of thousands of tiifferrni docu- 
ments is the need, look to the Copyflo 
continuous printer for the happy solu- 
tion. For full details write Haloid 
Xerox Inc., 59-98X Haloid Street, 
Rochester 3, New York. Branch offices 
in principal U.S. and Canadian cities, 

HALOID 

XEROX' 


WHO'S WHERE 


In the Front Office 

Thompson Ramo Wooldridge, Inc., has 
elected the follmving operating executives 
of TRW’s Thompson Products divisions, 
Cleveland, Ohio, to vice presidencies: Pierce 
T. Angell, engineering manager, Tapco 
Croup; Robert E. Cummings, manager, 
Thompmn Products Valve Division; Wil- 
liam M. Jones, manager, Thompson Prod- 
ucts Commeicial Electronics Groim; Carl 
L. Kahlert, manager, Tliompson Products 
Replacement Division. 

Brig. Gen. John W, Carpenter, III, 
commander. Edwards Ait Force Base Flight 
Test Center, Calif. Gen. Carpenter replaces 
Brig. Cen, Marcus Cooper now assigned to 
the Federal Aviation Agency. 

D. F. Magairell. a director. United Air 
Lines. Inc. Mr. Magarrcll is senior vice 
president-tnnsportahon services. 

wniiam G. R^olds and Joseph H. 
McConnell, executive vice presidents, Rey- 
nolds Metals Co., Richmond, Va. 

James K, Dysart, vice president-marketing, 
Leach Corp., Compton, Calif. 

Melvin L Doelz, vice pcesident-Westem 
Division, and Rob^ C. Mullaley, assistant 
secretary, Collins Radio Co., Cedar Rapids, 
Iowa. 

Howard Carson, vice president, Cadillac 
Cage Co., subsidiary of ExCell-O Corp., 
Detroit, Mich. Mr. Carson is general 
manager— Costa Mesa, Calif., operations. 

Louis R, Zimov, vice ptcsident-manufac- 
turing, and Dr. Leonard C. Maier, Jr., vice 

E resiaent-marketing-defense products, Ctos- 
y Division, Avco Manufacturing Corp., 
Cincinnati, Ohio. 

Robert E. Aehcnbach, vice president. 
Flight Support, Inc., Metuchen, N, |. 

Honors and Elections 

Dr. John Mason, chief of preliminary 
design for The Garrett Corp.'s AiRescarch 
Manufacturing Co., has been appointed to 
the National Aeronautics and Space Admin- 


cal Power Plant S>'ster 


, president of International 
iic^ Corp., has been elected 
the Strategic Industries Assn., 


ing standards and procedures, Aircraf 
sion. Bell Aircraft (^orp., has been appointed 
to the National Aircraft Standards Com- 
mittee of the Aircraft Industries Assn. 

Changes 

R. J. Landbetg, assistant to E. H. Heine- 

craft systems engineering, Douglas Aircraft 
Co., Inc., Santa Monica, Calif. 

G. W, Trichel. military advisor to the 
group vice president-defense and special 
prodticts, Chrysler Corp., Detroit. Mich. 

Richatd E. Roberts, head of the newly 
formed Instrumentation and Communica- 
tions organization of General Electric’s 
Missile and Space Vehicle Department, 
Phna„ Pa, 

(Continued on p, 85) 


INDUSTRY OBSERVER 

► Escape systems tests for the National Aeronautics and Space Administra- 
tion’s Mercury Man-in-Space project already have begun under direction of 
Langley Research Center. Wind tunnel and landing systems tests began last 
October. NASA has awarded Thiokol, Inc., $110,000 for XM-19E1 rockets 
for escape system. 

► Gyiodyne drone helicopter under evaluation by Navy for use aboard 
destroyers will be used primarily as a “kill” weapon against submarines. Navy 
will rely upon destroyer detecHon gear to find the submarines, then launch 
the drones carrying small torpedoes in an effort to compensate (or the World 
War II destroyer's lack of speed in relation to that of a nuclear submarine, 
Designations of helicopters under evaluation are the single-engine DSN-1 
and twin-engine DSN-2. Poweiplants being used are modified Porsche auto- 
mobile engines, 

► Fourth bidder for Acrov's Mauler anti-aircraft weapon system (AW Feb. 9, 
p. 23) is The Martin Co. The (our became final contendere since they 
originally had had Phase 1 study contracts for the svsteni. Award is expected 
within the near future. Other three bidders are General Electric, Convait 
and Sperry. 

►First three squadrons of Convair F-106 interceptors arc scheduled to go 
into operational service late this spring or early summer at McGuire AFB, 
N. J.; Geiger AFB, near Spokane, Wash., and Andrews Al^, Md. 

► Third site for the ballistic missile early warning System (BMEWS), which 
the U. S. Air Force would like to locate near Prestwick, Scotland, has become 
the subject of a diplomatic dispute between the U. S. State Department and 
the British Foreign Office. USAF believes the third site is necessary for 
maximum effectiieness of the missile detection system. The British consider 
the site a prime target in case of war and are reluctant to grant permission 
for its installation. 

► Lithium, one of the lightest but most reactive metals, is not being over- 
looked by Air Force researchers as a possible structural material for future 
space vehicles. ARDC scientists liave just established its tensile strength at 
84 psi. And although metal is kept under oil to prevent it from bursting into 
flame, the feeling is that it might prove serviceable in the near vacuum of 

► Bureau of Aeronautics has begun procurement of beryllium wire for use as a 
reinforcing element in new composite aircraft structural materials. 

► Navy plans to incorporate some anti-submarine "kill” potential into its 
Polaris fleet ballistic missile submarines— probably the Subroc underwater-to- 
air-to-underwater long range weapon now being developed by Goodyear Air- 
craft Corp.- to avoid necessity of having to supply each system with accom- 
panying killer submarines for protection. 

► Communist China is flight testing another nesv aircraft-the “Yenan-l” 
built at the Northwest Polytcchnical Institute. The single-engine inonoplane 
has a top speed of 121 raph. and a ceiling of 11.480 ft. It can caffy four to 
fise passengers and also mav be used for sports flying and agricultural work. 

► Under present planning. Navy will eventually have a total of 51 ships 
equipped with either the Convait Terrier or Tartar surface-to-air guided 
missiles. Terrier ships will include five conventional-powered cruisers, a 
nuclear-powered cruiser and aircraft carrier, a nuclear-powered frigate, two 
Foncslal<Iass caniets, a destroyer and 19 frigates. Tartar ships will include 
three cruisers and 18 destroyers. 

► Do Havilland of Canada has increased the gross weight of the DHC-4 
Caribou from 24.000 to 26,000 lb. to provide a greater payload and length- 
ened the cabin by 45 in. to accommodate an added row of seats which 
boosts passenger capacity of tire aircraft to a total of 30. 
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Propulsion through the ages . . . 





An asiountflng proppsal ,■ in 17S4, just a year after the invention 
of the balloon, the Frenchman B. M. Meusnier conceived 
of an airship embodying the essentials of the modern dirigible. 
Beneath the gas bag hung a gondola control centre. There 
was a rudimentary rudder and three manually-operated 
propellers. A proper power plant was lacking, however, and 

century. Aero designers of today are more fortunate. They 


hare the proper power plants available, and have fitted propellers 
to them, creating turbo-jet power packages. The Rotol people, 
for esamplc, designed, developed and produced the propellers 
for the first Wrbo-prop aircraft and now supply over 100 

to Rotol reliability. Rotol turbo-props arc standard equipment 
on the Vickers Viscount, Fairchild F-27, Grumman Gulfstream 
and Fairey Rotodyoe. 


ROjOL 

The world's most experienced manufacturers of turbo- 

propellers — over 6,000,000 hours of flying time. 


Rotol Incorporated after-sales service throughout the United 
States provides immediate spare parts delivery, technical 
service on propeller operations and applications. 


For information on Roiol products and after-sales service, 
409 Jefferson Davis Highway, Avtingion 2, 


call J. Staples, Presideni, Roiol bicorporated, 
Virginia. Phone OTts 4-6290 



Washington Roundup 


ARDC Shakeup 

\\'atdi (or a majo: shakeup in Air Rcscardi and De- 
vclopiiicnl Command after the naming of a tictv com- 
niaiidet to succeed Lt. Gen. Samuel Andetson who tvas 
icccntiv itontinated to command Air Materiel Command. 
Guiding lines for ARDC strcantliiiing will he those out- 
lined in the Stever report prepared by a special com- 
mittee headed bv Dr. Guvford Stever, former Air I'oree 
chief scientist and professor at Massachusetts Institute 
of Technology (AW July 14, p. 29). One of the biggest 
problems faeing ARDC is reduction of its headquarters 
oterlicad and placing increasing emphasis upon explora- 
tory research aimed at basic state of the art advances in 

New Bid for ABMA 

Also look for the National Aeronautics and Space 
Administration to make another concerted attempt to 
absorb a portion of the Army’s Ballistic Missile Agency 
at Huntsville, Ala. before the cud of the year. In every 
appearance before the House and Senate space commit- 
tees during the past few weeks. NASA administrator 
Keith Glennan has pointed to the feasibility of such a 
transfer. Glennan may have struck a responshe chord 
ill Congress when he said NASA requires the capability 
to assemble and ground test space vehicles and to super- 
vise subsequent launching operations. To build sucli an 
organization with the necessarv' facilities Clenii.in says, 
would require considerable funding while the transfer 
could be accomplished at relatively low cost. 

However, Annv resistance to such a trimsfcr is not 
expected to diminish. 

NASA Information Policy 

In another area, professional staff memhets of both the 
House and Senate space committees are considering the 
possibilitv of an inquiry into the public information pol- 
icies of the National Aeronautics and Space Administra- 
tion. The act creating NASA directs the agency to pro- 
vide the "widest practicable and appropriate dissemina- 
tion of information concerning its activities and the re- 
sults there." Complaints teaching staff members indi- 
cate that top officials seem reluctant to make public plans 
and programs of the agency. 

Jet Surcharge Approved 

International Air Transport Assn, traffic conference last 
week approved a jet surcharge on North Atlantic and 
South American routes to be effective April 1 as predicted 
bv' AvuTtoN Week last Oct. 27 (p. 26). Surcharge on 
first-class and dc luxe seats on North Atlantic routes will 
be S20 while the surcharge for tourist and economy plan 
scats vvill be S15. On South American routes, the siir- 
ehatge vvill be based on a progressive scale pattern accord- 
ing to mileage. For example, the surcharge on first-class 
and tourist flights between New York and Buenos Aires 
will be S20. No surcharges vvill be charged on jets operat- 
ing in the Eastern Hemisphere. Pacific routes will be 
studied at a later date to determine whether a surcharge 
shall be adopted when jets ate introduced on these routes. 
Cargo rates on certain commodities shipped over niid- 
Notth Atlantic routes were reduced about 30% below 
present rates. 


Penalty Plan 

Legislation setting penalties of up to a SIO.OOO fine 
and a year's imprisonment for participants in Civil Aero- 
nautics Board cases who initiate off-the-record communi- 
cations to CAB employes or members has been intro- 
duced by Rep. Oren Harris (D.-Atk.) as a follow-up of a 
study of the operations of regulatory agencies by House 
Commerce Committee which lie heads (AW Jan. 12 
p.45). 

Even if the intent is not secrecy, CAB members and 
employes would be required to place all communications 
in a public file. If the communication is oral or tele- 
phoned, a summary would be filed. Failure to file also 
would be subject to a penalty up to $10,000 fine and a 
year’s imprisonment. Harris’ measure also would: 

• Establish a detailed code of ethics for Board members 
and employes. 

• Provide for selection of the chairman and v'icc chair- 
man by Board members, instead of by presidential des- 
ignation. 

• Requite that one Board member prepare or pctsonallv 
direct the preparation of each Board decision, 'tire mem- 
ber responsible would be identified in the decision. 

Meanwhile, Harris is seeking a S200.000 appropria- 
tion to continue the investigation of CAB and other 
regulatory agencies by a Commerce subcommittee which 
lie will head again this year. 

In Congress 

Meanwhile, in other Capitol Hill action; 

• Nuclear aircraft. Rep. Albert Tliomas (D.-Tex.) is 
urging Ait Force to withdraw its nuclear aircraft project 
from General Electric Co. and place it with a new con- 
tractor. Thomas is chairman of the appropriations sub- 
committee which handles Atomic Eneigv' Commission 
funds and was appointed to the Joint Congressional Com- 
mittee on Atomic Energv this vear, "Tire rime element 
alone is enough to warrant a change.” Thomas declared. 
"General Electric has been working on the project for 
eight or nine years. Sometimes when one man can’t do 
the job, another man can.” Rep. Melvin Price (D.-Ill.), 
chairman of the Joint Atomic Energy Committee’s sub- 
committee on research and development, took direct issue 
with Thomas, saying: "I sec no cause for complaint with 
the contractors on this project.” he commented. "They 
have met everv schedule that has been set, and the men 
working on the project arc dedicated. If there has been a 
hold-back it is not because of the contractors.” 

• Gas taxes. Rep. Wilbur Mills (D.-Ark.), chairman of 
House Wav-s anti Means Committee, is opposed to the 
President's proposal to increase the tax on aviation gas 
from 2 to 4-5 cents a gallon and also lew a 4.5 cent tax 
on jet fuel. Mills opposition means the measure has 
little chance of congressional approval. He is not yet 
committed on a levy of two cents a gallon on jet fuel, 

• Radio frequencies. FIousc has voted the Commerce 
Committee 5150.000 for a comprehensive study of the 
radio spectrum and poliev' on the award of frequencies. 
Airlines object to the arbitrary rer^iiisitioning of fre- 
quencies by government users. Air 1 ninspott Assn, and 
Aeronautical Radio, Inc., now have a court case pending 
against the FCC for withdrawal of frequencies nc^ed for 
airline communications setviors from government use. 

—Washington staff 
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ARPA Seeks 1970-80 Missile Defenses 


Anti>gravity, anii-matter, radiation weapon concepts 
to be studied in search for long-term solutions. 

By James A. Fmca 

Washington— Coiinternieasiires that arc aimed at providing essentially com- 
plete defense of the United States against ballistic missiles in the approximate 
))criod between 1970 and 1980— including anti-gras'ity, anti-matter, and radia- 
tion weapons— «'ill be investigated in a study program sponsored by the 
Ad\’anced Research Projects Agency. Contracts will be let early next month. 

Basically, the program is an attempt to break away from the present envi- 
ronmc]>t of engineering limitations in solutions to the ballistic missile 
defense problem, and to find better fundamental approaches to a long-run 
solution. Funds available for the program total $1.5 million, about 1.5% 
of ARPA's ballistic missile defense budget. 


Tire program is known as GLIP.AR 
standing for Guide Line Identification 
I’logram for Anti-Missile Research. 
I'liasc I will last nine months. It will 
consist of six months of study by some 
'-10 contractors of possible ad'-aiiccd 
defense mcclianisins. one inoiith for 
prcpanition of technical summary re- 
ports, and a final two months’ working 
incctiiig svheto representatives of the 
iudisidual contractors svill combine 
their results into a "single cohesive 
esaluatioii" to prmidc a hisis for action 
hy .\RPA. 

Some scientists have ridiculed con- 
sideration of such concepts as anti- 
gravity for missile defense. ARPA em- 
phasizes, howoscr, that the GLIP.^R 
program is aii attempt to break loose 
scientific thinking from conscntional 
approaches to the missile defense prob- 
lem so that all potentially applicable 
physical mechanisms can receive vm- 
piejndiced examination. 

Potential bidders received a briefing 
i.n the GLIPAR program at the Penta- 
gon Feb. 20 from personnel of the Bal- 
listic ^[issilc Defense Branch of ARPA’s 
Institute for Defense Analyses. About 
'0 major airframe and electronics com- 
pinies plus several university groups 
.iltcndea. 

One of ARPA’s responsibilities is re- 
search and development leading to ad- 
vanced capabilities in ballistic atissilc 
defense. I‘hasc 1 of the GLIPAR pro- 
gram is aimed at setting out initial 
guide lines for research to develop such 
cipabilitics some 12 to 20 vcais in the 
future. 

I’he threat for this period is defined 
as any offensively "thrown" matter di- 
ri.ctcd at the United States, including 
s|x.'cifical!v any matter traveling along 
a iMtli which in any part is essentially 
hallistic. The destructive potential of 
the threat is not limited to nuclear war- 

'Iho countermeasures to be sought 


must come close to being totally effec- 
tive in preventing the thre-at from cat- 
rv’ing out its mission. Iliosc mc-asutes 
which give basic advantages to the de- 
fensive operation will have the highest 
v-j1hcs. 'Hie objectives of Phase 1 arc 
hi identify and assign relative value to 
the advanced defensive mechanisms 
which have maximum potential. 

Tlic program will not terjuire dem- 
vmstrations of feasibility. Instead, it will 
require rigorous or detailed semi-rig- 
orous proofs that a particular mechan- 
ism is not feasible. Approaches which 
appear to he valuable and which cin- 
not be proved not feasible, will be kept 
for fiirthet consideration. 

Proposals for Phase I must be sub- 
mitted to ARPA by Mar. 20. llie 
nine-month studv contracts to be 
awarded will each involve approxi- 
mately 50 man-months of highly com- 
petent technical time. Tlic proposals 
will be examined by an advisory com- 
mittee made up from the three .services 
and ARPA, with ARPA making the 
final selection of some 5-10 contractors 
about .\pril 5. 

'live first six months of each contract 
will be spent in study in the individual 
contractor’s laboratories. Mach will have 
the freedom to select the mechanisms 
rr physical phenomena fat missile de- 
fense to be examined— and each should 
expect to examine closely some 5 to 
1 5 possibilities, according to ARPA. 

The basic conservation laws of physics 
will bo applied to develop those char- 
acteri.stics of the mechanisms selected 
that will permit their evaluation for 
missile defense. Flnginccting difficid- 
ties are to be of no concern in live 
studies, but the appropriate physical 
laws must be satisfied throughout. 

At the end of the sixth month each 
contractor wfll prepare a summarv re- 
port covering tlic work accomplished. 
’Ibis is expected to take one moiitli. 

The contractors wfll tlien provide 


one representative each to participate 
in a working meeting tliat will last 
for a maximum of two months. 'ITiis 
meeting will combine the individual 
results into a group evaluation to be 
used bv ARPA as a basis for deciding 
on Phase II. 

Phase I may indicate that the phil- 
osophy behind the Army’s Nike-Zeus 
anti-missile missile system— that of firing 
a rifle bullet to intercept a rifle bullet— is 
the only practical approaclr to missile 
defense for the foiesceable future. If, 
however, the program uncovers mote 
promising approaches, ARPA will push 
development. 

Two objections appear to liavc bci 
raised to tlic program. At the bidder 
briefing, a representative of the Beil 
Telephone Laboratories stated that lie 
did not believe Bell would be inter- 
ested in participating because the six 
month’s limitation on laboratory studv 
iippc-arcd to bo placing a time limit on 
achievement of a breakthrough. 

Others present at the briefing ob- 
jected to the small mmibet of uni- 
versity research groups present. ARPA 
states, however, that only the space 
available for the briefing limited the 
niimhet of invitations, and that iin- 
.solicited proposals for ptogtani shidics 
would be given equal consideration. 

Cornell Studying 
High Power Radar 

Buffalo, N. Y-— Ptoblcms of niicto- 
wave propagation in long range missile 
tracking and development of very high 
power miaowavc radars will be ex- 
plored by Cornell Aeronautical Labora- 
tory under a SI. 3 million contract 
awarded last month by U.S. Amiv Ord- 
nance Corps, acting as contractine 
agency for the Advanced Research Ptoj- 

TTic program will be a continuation 
of high power radar shidies originating 
with the laboratotv’s work on the Plato 
anti-missile missile system and a later 
5200,000 Army contract wliich ended 
last fall. The earlier program resulted 
in successful transmission of 21 million 
watts of peak power at S-band ftequen- 

Tlic new project will aim at Iran.' 
mission of peak powers as high as 
million watts, witli a variety of pulse 
lengths and repetition rates. Avcraec 
power may be raised to 50,000 wafts. 

Also included in the studies will be 
investigations of propagation plie- 
nomcna that may limit tlic utility of 
future microwaie radars in such appli- 
cations as the tracking of interconti- 
nental ballistic missiles. 
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Space Technology 

U.S. Plan for Rocket Vehicles 
Includes Manned Flight to Mars 

By Evert Claik 


Washington— U. S. is plannin| a 
family of rocket icliiclcs for a variety 
of missions ranging up to a manned 
round trip to .Mars. All propuUirm 
stages for vehicles in this long-range 
plan either exist now, are luidet devei- 
opment or in the feasibility study stage. 

National Aeionautics and Space Ad- 
ministration officials outlined the |)laii 
to the Senate Committee on Aero- 
nautics and Space Sciences, 

Vehicles toward the far end of the 
time scale would put satellites of up to 
■*2.000 lb. into a 22,000 mi. orbit, put 
a 19,900 lb. pavload on the moon, and 
send a 55.000 lb. payload to Mars, 
providing for a 25.000 Ih. return pay- 


fueled engine and Alkgany Ballistic 
Lahoratotv’s \'anguard thirrl-stage solid 
liropellaut engine plus a payload stage. 
Under present plans, this will he used 
for the first time on June -* in an 
attempt to send a payload into orbit 
around the planet Venus (AW' Feb. 
23. n. 26). 

• AlWlIustler. Atlas booster plus the 
Bell Hustler upper stage. ’This could 
put some 3,000 Ui. into a 300 mi. orbit. 

• Vega. 'litis vehicle is now under 
dev elo|>menf by ARP.\. It uses an .-\tlas 
first stage. General Electric X--I05 Van- 
guard first-stage engine as its second 
sfage. Initial Vega vehicle would consist 
of just these two stages. Later version 
would Use a 6.000 lb. thrust storable 


the order of payload 
oughlv in tlic order of 


3*0 STAGE 
STORABLE PROPELIANTS 
NEW- JPL 

STAGE 

IDS-HYDAOeEN 
NEW- CENTAUR 


load. 

Vehicles in 
capability, and 
their availability, ate; 

• Project Scout— 150 lb. payload in a 
300 mi. orbit, or heavier loads in lower 
orbits. This is a 70-ft., 55.000 Ih. four- 
stage solid propellant vcliiclc now being 
developed for N.6S,\ (sec story on p. 

22). Air Force also will use a version 
of this velriclc. Initial tests arc due by 
mid-1960. 

• Thor-Hustlcr. 'lliis is the Douglas 
Tlior missile booster plus Bel! Aircraft . | 

Corp.’s Hustler engine, which uses )P-4 modified atlas 
and red fuming nitric acid. It is in 
use in Advanced Research Projects 
.kgcncy's Discoverer niilitan’ satellite 
program (AW' Feb. 16. p. 30). 

• Atlas-Able. This is the Convait Atlas 
missile booster with the same upper 
stages used in Thor-Able vehicles— 

Aerojet’s Vanguard second-stage liquid CENTAUR space prol 


liquid engine now being developed by 
N.\S.-\’s Jet Propulsion Liboiatory and 
probably will be ready in less tluin two 

• Centaur, l liis would use a modified 
Atlas with high-enctgv fuels as a first 
stage, the 1 5,000 lb. thrust liquid oxy- 
gen and livdtogeii Cciitam stage now 
being developed by Convait and Pratt 
&• \Vliitncy as a second st.igc and a 
storable liquid third stage. 'Hie Ccnf.mr 
engine is under ,\RP.A supervision now 
but will transfer to N.AS.A on July 1. 
N.\SA refers to the entire vehicle as 
Cenhiiir rather than just to tlie stage. 
Storable stage mav be the 6,000 lb. 
thrust JPL ciigidc or a 20.000 lb. 
tlirust storable engine now under study. 
Tlic Centaur vehicle may be ready in 
about three years. 

• Satimi. "This is based on the 1.5- 
millinn lb. thrust Rockctdync cluster 
now being developed for .-kRP.L by 
Anny Ballistic Missile Agency. First 
vehicles may have only two stages. 
Upper stages for a four-stage vehicle 
have not been made final but present 
planning calls for the cluster tO]jped 
by a modified Titan I; a liquid oxvgcn 
and nitrogen third stage-possihiv tlic 
Centaiir-and a storable liquid foiitth 
stage. Earlv vehicles arc expected to 
he rcadv for flight in 1960. 

• Nova, 'lliis a vehicle of up to five 
stages, depending upon the mission, 
and based u|ion a cluster of four of 
the 1. '-million lb. thrust single-cham- 
ber engines now being developed for 
N'.AS.-V by Rocketdyiic. Second stage 
would be a .single one of these engines; 
third and fourth stage would lx; a new- 
liquid oxygen and hydrogen engine and 
the fourth would he a storable liquid 
engine. 

• N'chielc using nuclear upper stage or 
stages. The .Atomic Energy Commis- 
sioii-NAS.A Rover nuclear rocket project 


2H0 STAGE 

LOX- KEROSENE 
NEW- VEGA 
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HIGH ENERGY FUEL CONVENTIONAL FUEL 

configuration is at left; A'cga (right) is under ARPA develop 
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is aimed at cv'ciituallv proticling these 
'tages. 

Tliey probably would be placed atop 
the six niilliun lb. dustec. 

Vehicle availability for putting vari- 
ous paylmds into orbits or sending 
Ibein into sgxice is expected to run 
tins way; 

• ?00 ini. orbit— Vehicles now can put 
up 100-150 lb. and tebiclcs available 


soon e.iii tirbit 2.000 lb. .Ulas with 
staging— wliicli could be \'cga ot Cen- 
buir— could put np 7.-I00 lb. Saturn 
eouUl orbit 19.000 to 25.000 lb, and 
Nova could orbit 1 50,000 lb. 

• 22,000 mi. orbit— hirst U'bicic uith 
this cap.ibility will be .Mias plu.s stag- 
ing. with a payload of 1,500 lb- Saturn 
could orbit 5.500 lb. and Nova could 
orbit 42,000 lb. 


• Limat landing— \'ellie•lt^ a\inlable soon 
c.m send a 500 lb. par load Atlas w ith 
staging. 750 Ib,; Saturn. 1.800 lb.; 
\os;i. 19.900 lb. 'Ihc Nosa would 
not be suitable fur landing a man and 
returning liiin because pavload chops 
to the vicinity of 2,000 ll). for a re- 
turn trip. 

• Mars flight— Chemical stages, |)roh- 
ably the Nova vehicle', could send 7.500 
lb. to Mars ;uid |)toviclc for returning 
750 lb. vehicle using nuclear upper 
shiges could cirry a 55.000 Ib. pivlmd 
to Mars, providing for a 25,000 Ib. 
return— which should be enough bv the 
time this vcliicic is ready to allon for 
inamieri tcconnaissance ami retiitn to 
earth. 

'Ihc 1.5-milIion Ib. single cbainber 
engine is expected to be available some- 
time between three and six vears from 

15v the time it is ready for use, these 
u|)pcr stages are expected to be ready, 
in this order; 

• fi,0n0-lb. thnist storable liquid engine 
under development hv Jet Propulsion 
[.alioratorv'. 

• 15,000-lh. thrust liquid oxvgen ami 
hvcitogeii engine under development hv 
Comair and Pratt &' Whitney. 

• 80,000-lb, thnist liquid oxygen and 
hydrogen engine now uneler study. 

• 20,000-Ib. storable liquid engine now 
under stud)’. 


Space Technolofiy 

NASA Asks $49 Million Supplemental 


Bv Ford Fastinan 

W'ashinglon— N'atiiaial .\etimiUilics 

;ind Space .\diniiiistmtioii is a'qvtesting 
S48.554.000 in supplemental fuiid.s for 
I'iscal 1959-a figure more than S' mil- 
lion above the amount Congress slashed 
from the 1959 budget last suiimvet. 

Supplemental estimates presented to 
(he subcommittee of the Scn;ite Com- 
mittee on Aeronautical ;iivd Spvia' 
Sciences include; 

• Rcseatcli and development, S20.750.- 
000, all earniarketl for N.LSA's manned 
v]xice flight program. Project Metemv. 
Congress knocked S20.02 million for rc- 
‘catcli and development estim;ites ftcan 
Ihe l•'isc:ll 1959 budget List veat, ap- 
proving S50 million of the 570,2 mil- 
lion requested. 

• Construction and equipment, S24.- 
250,000, of which S12-05 million is 
for new tracking facilities. 55,2 million 
for propiilsioii-dcvclopmcnt testing fa- 
cilities and 59 inilliim for other new 
facilities and modifications at the Jet 
I’ropnlsioiv I.ahoratory. NAS.5 requested 
5-f7.S millimi for this in its original 
!•'ise.ll 1950 budget reqiic.st: Ctmgrevs 


reduced the figure bv 522.8 imllion to 
525 million. 

• Salaries and exjicn.scs, 55,554.000 to 
cover cost of salarv increases provided 
by the Classified Pay ,\ct of I95S. Con- 
gress approved 55 million of the 57 
million reqircsterl last summer for l'’iscal 
i959. 

Congre.ssioiial approval of the 1959 
•,up|)lcmeotal would give \.\S.\ ;i total 
of 5584,075.552 for the fivc.il year, in- 
cluding a transfer of funds from the 
Defense Dejxirtmcnt tohiling 5154.- 
fi’9.552. Of this. 547.8 millicm was 
transfened from the ,\ir I'titcc, 5fi7.2 
million from the .\dv.inced Resc;irch 
Projects ,\gencv. 525.541,282 from 
Navy for the Vanguard Siitellitc isrojcct 
and .54.078,250 from the .\rmv for the 
Jet Propulsion I.aboraton of California 
Institute of Teehuologv. 

Fiscal 1960 Estimates 

N,\S.\ estiinafes for l•'i.scal I'lfiO to 
fill S4S5-5 million, of which S94.451),- 
000 is for salaries and expenses, 5555,- 
070,000 for research and development 
and S57.S million for construction and 
equipment. I . Keith Clcmian, N.VSA 


iidmiiiistrator, told subcommittee cluiii- 
lu.nn Sen. John Stennis (D.-Miss.l that 
additional funds probably would be 
required during htsea! I9fs0 under a 
supplemental appropriations request. 
Congress has vet to take tlic h'ise.d 
T9fi0 requests under consideration. 

Glennan added tliat. in his opinion, 
this vvould be the last war N.\S.\ 
vvould request a budget as small as late- 
lialf billion dollars. lie estimated that 
the figure would readi 52 billion in 

Two major projects now under wav 
that will requite sizable |Sortions of rc- 
■earch and development funds tluring 
the next few veats. C.lennan said, are 
Project Mercurv’ and ptO|)ulsioii pro- 

Project Mcreun- alrcadv is biid"eted 

S57.661.200 in Tiseal '1959 find :m- 
I. tiler 520,750.000 is requested under 
the supplemental. Cost of the |)roject 
ill l•'iscal 1960 is estimated at 570 mil- 
lion. Before the |iroetam is completed. 
Cleiinan said the bill will have ex- 
ceeded 5200 million. 

The single-chamber 1.5 million Ih. 
Ilinivt booster imiler development bv 
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oitli American .\vialion is budgeted 
;.t 512 million in Kiscal 1959 and S50.2 
million in Kiscal I960, Glennan told 
the subcommittee. However, before 
the single ehamher booster reaches a 
slate of usefulness, the cost will have 
exceeded S200 million. 

Total cost of the national booster 
piogram to provide the building block 
units of basic rocket engines required 
for the space program, Clcmian added, 
will exceed 52 bitlion. 

Out of the 524.250,000 requested for 
construction and equipment. 59 million 
is for new facilities and iiiiprovcments 
to existing facilities at the Jet Propul- 
sion Laboratorv- A large part of this 
will be used to relocate various rocket 
test facilities and related equipment to 
a non-hazntdous location where safety 
code standards can Iw met- 

At present, all but 10 of the 92 facili- 
ties on the laboratory site in Pasadena 
are non-conforming, Glennan said. 
Modifications to existing facilities to 
meet changing requirements would in- 
volve major alterations. 

Ncccssarv land acquisition will cost 
5575.000. Relocation of utilities will 
total 52,775,200; relocation of test fiicil- 
itics 51.931,800, Modernization of sup- 
port f.icilitics will cost 52.255,000. 
Necessirrv new facilities will cost 51.- 
488.000 'plus 5175.000 for a new sub- 
station and transfonner piid. 

lire largest item under construction 
and equipment is the 512,050,000 te- 

S sted for tracking facilities, which 
nnan savs arc needed now because 
of the long It-ad times of much of the 
electronic gear. 

Glennan told the siihcommittee ex- 
perience gained during the initial oper- 
ation of the hfinitrack electronic 
tracking stations in the International 
Ccophvsical Year program proved the 
need for improving and angmentins 
existing systems to provide more rclia- 
bilitv' and increased capabilitv for track- 
ing satellites in high inclination orhit.s. 
New Tracking Stations 
To accomplish these objectives, it is 
planned to establish foot new electronic 
tracking stations in Alaska, the U.S.. 
Newfoundland and Europe and to in- 
stall additional, improved equipment at 
some of existing Minitrack stations. 

Improvements will include addition 
of real-time digital data read-out equip- 
ment and additional antenna arrays for 
coverage of satellites in high inclimi- 
tion orbits. It also will be necess.ary to 
shift the operation of all stations to a 
higher radio frequenev’ since the 108 
me. frequenn' now used is tcmpor.irv. 
To make the frequcncs' change, rework- 
ing of all Minitcack radio receiving 
equipment and antenna anays will be 
rcquircd- 

Tracking and reception of tclemetrv 
(lata from space probes will require the 


provision of special high-gain, low-noise 
receiving systems at several points on 
the earth's surface. One has been built 
at Goldstonc, Calif., and funds te- 
quested arc for two more, one in Aus- 
tralia and the other in South .\friea. 
Each station will include large p:ira- 
bolic-antcnna units to pick up the low- 
level signals, sensitive radio receiving 
equipment and electronic-hydr.mlic 
servo svsteni for controlling the an- 

Detailed studies of the problems of 
recovering earth satellites, particularly 
manned systems, Glennan said, estab- 
lished the desirability of nortlii-ast 
laimcliings from Cn|)C Canaveral witli 
recoveries on the second and third 
orbits along tlie e.xisting Atlantic Mis- 
sile R.iiige complex. 

Snell operations will requite the 
installation of precision radar acquisi- 
tion, tracking, comimmirafion and 
associated svstems at Bermuda in 


order to provide accurate trajeclorv 
infoiniation on the satellite after boo- 
ster cutoff to establish that the satellite 
is in the desired orbit and to initiate 
abort action if unsatisfactoiy . 

Recovery of a maimed satellite on the 
second and third orbit will require 
precision tracking during tlic re-entry 
phase, Glennan told the subcommittee, 
lie hopes to provide precision radar 
acquisition, tracking, communications 
and associated systems in Hawaii to 
provide initial impact point prediction 
during tlic first phase of satellite rc- 

Emergeney Control 

I'his station also will provide a ca- 
pability for emergency command con- 
trol of rctrorocket firing in Ihc satellite 
in the event of malfunctioning of the 
preset timet svstems. 

Glennan said still another precision 
radar acquisition, tracking communica- 


NASA Research, Dc5 elojiment 
Programs — Fiscal 1959 & 1960 


Fiscal 1959 Fisc-al 1960 
Supplemental Regular 
Pregram Allotiiieiits Estimates Estimates 

■MRCRAI'T, MISSILE. ,\ND 
Sl’ACK-CR.M'l' RESEARCI I; 

Support of N.\S.\ plant S338.800 $16,670,000 

Support of JPL plant 8,156.500 8.156.500 

Research contracts 5,500,000 8,200,000 

SCIENTIFIC iNA'ESTIG.VTIONS 
IN SP.ACE: 

Sounding rockets 5.000.000 10,000.000 

Earth satellites 44,000,000 61,800.000 

Lun;ir probes 20.021.750 24,043,500 

Dcep spocc probes 16,000,000 22.500,000 

8'angnard program 25.541.282 

SAI ELLn'K APPl.IC.LTlONS 
INVF.STlG.\TIONS; 

Metcnmlogy 3,400,000 15,000.000 

Curiimnnieations 4,700.000 13,000.000 

SP.\CE ni’ER,\TIONS 
lECMNOLOGV; 

Manned space fliglil 37.661,200 $20,750,000 70,000,000 

Space rcndcz.vcus teelniiqncs 3.000.000 

SP.LCE PROl’UI.SION 
L.ABOR.VI'ORY; 

Solid fuel rockets 700.000 3,000,000 

lligh^-iicrgy hicl tuckets 7,000.000 17,000.000 

1-inillion pound thrust single cliam- 

ber engine 12,000,000 30.200.000 

Nuclear rocket engines 8.500,000 8.000.000 

Space engines 300,000 5,000.000 

Auxiliars power units 500.000 3,000.000 

SPACE SYSTEMS 'I'ECIINOLOGV: 

Advanced vehicle systems 500,000 1.500,000 

Booster recoverv svstems 500,000 1,500.000 

Orbiting space bboratories 2.000.000 

SUPPORTING ACnVITIES; 

Tracking and data acquisition 4.300.000 11.500.000 

TOIAI., RESEARCH AND 

DE\’EU)P.\1ENT S204.619.532 S20.750.000 $333,070,000 
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tions mid iissociiitcd systems station is 
needed to track i tc-ciitcring satellite be- 
tween the western and eastern area of 
tlie U. S. He proposed tiiat the station 
be located in southern Texas and 
equipped for precision tracking of satel- 
lites launched northeast from Cape 
Canai'Ctal on the first three orbits- 
Cost breakdown includes: 

• Extension and improvement of satel- 
lite electronic tracking stations, SV3 
million. Of this, S2.124.000 is for 
equipment and facilities for four iie«- 
stations, including SI 10,000 for antenna 
arrays, 5346,000 for electronic equip- 
ment and S75.000 for site preparation 
and utilities. Aoofliet SI. 176, 000 of 
the total is for modification and im- 
proicment of existing electronic tracking 
stations, of which $720,000 will go 


Washington-Coiitracts for the 70-ft., 
>3.000-lb. Project Scout general purpose- 
space rocket (A3V Fch, 2, p. 26) liaie 
licen awarded by National Aeronautics 
and Space .Administration, and .Air 
I'otce is in the process of selecting con- 
tractors for Scout's military counterpart. 

NASA and USAF will supervise de- 
lelopment with it joint team. USAF's 
ichicle-Systcm 609.A-will differ from 
Scout in several respects. 

Both are intended to be modular 
rockets with stages that can be used in 
various combinations. -All Scout stages 
arc solid propellant. With the possible 
exception of the third stage, all are off- 
the-shelf items. 

Scout will be assembled at Langley 
Researcli Center and fired initially from 
the ncarbv Pilotless .Aircraft Research 
Station at'M’allops Island, Va. .Assem- 
bly contract has not vet been awarded. 

Basic Scout consists of font stages 
and could put 1 30 lb. into orbit or send 
a payload of about 1 00 lb. to an altitude 
of 3,000 nii. It also will be used in 
high-speed re-entry tests. Stages and 
contractors are: 

• First stage— .Acrojct-Cenctal Corp.'s 
.Aerojet Senior, with more than 100,000 
lb. of thrust. This engine originallv was 
called Jupiter Senior when the Jupiter 
intermediate range missile still was a 
joint .Arniy-N'avy project. At the time 
it was the largest solid engine that had 
been fired. It powered an earlv Polaris 
test vehicle. Contract, let through 
Navy's BuOrd, totals Sl.020,000. 

• Second stage-'l'hiokol Inc.'s im- 
proved Sergeant rocket designated 
TX-33-20. Contract is awarded through 
Annv Ballistic Missile Agenev and 
totals 5620,000. 

• Third slage-Allcgaiiy Ballistic Lab- 
or.iforv’s X-254 engine, a scalcd-up ver- 


for rework of 12 stations to change 
radio frequency. S156.000 for digital 
read-out equipment and S300.000 for 
antenna arrays at six stations. 

• Facilities for space probe tracking 
network. $3-5 million. Of this amount, 
S1.9 million is for initial site prepara- 
tion. roads, utilities and housing at Kvo 
stations; S950.000 tor two 85-It. dia- 
meter antenna systein.v; 5460,000 for 
two nidio receiving units, and 5)90,000 
for two antenna servo control systems. 

♦ Equipment for support of manned 
space vehicles. 55.230,000. Tliis in- 
cludes 51.730, 000 for precision radar 
system for insertion tracking and guid- 
ance, 51,750,000 for precision radar 
for initial re-entry tracking and control 
and 51,750.000 for precision radar for 
mid-course and landing tracking. 


sion of the X-24S third stage engine 
developed for the Vanguard satellite 
vcliicle. Scale-up may be as high as 
three or four times the X-’48's thrust, 
which is about 2.500 lb. Contract is let 
through BuOrd, and totals 51,120,000. 
• Fourtli stage— .Allcganv's X-248 en- 
gine, which will be used in Vanguard 
and has been used in nior-.Ablcs and 
US.AF lunar probes. Contract is through 
BuOrd. totals 5100.000. 

The NASA program also includes a 
590,000 contract for 'I'hiukol XM-43 
rockets. Same type of rocket will be 
used as escape rockets in the Mercury 
manned capsule project. N,-\S.A has not 
explained what tlieir use would be in 
the Scout program, but it mav be for 
spin stabilization or retroroekets. Con- 
tract is let through ABMA. 

Guidance and spin stabilization con- 
trol for the fourth stage will be done 
bv Minneapolis-IIoncvvvell Coqj. 

Rocket Contraets Let 
For Project Mercury 

Washington— Cciiiti.iLtv for rocket 
vtliiclcs to be used in four phases of 
Project .Mercury, including a solid-pro- 
pellant Little Joe vehicle for the first 
phase, have been awarded bv National 
.Aeronautics and Spiicc .Administration. 

Another shot, designated Big Joe 
and using an Atlas, will be fired some- 
time this summer. Atlas will cartv tlie 
beryllium heat sliicld anti some other 
fieavy components of the manned cap- 
sule to a great lieight on a near-vertical 
trajectory to test rc-enfrv healing. 

Little Joe is the transport vehicle for 
the first full-scale capsule tests. De- 
tails of the vehicle and the concept of 
its operation vvctc first revealed by 


.Aviaiion Wekx on Dee. 15 (p. 26). 
North American Aviation's Missile Di- 
vision will provide seven vehicles and 
a launcher under a 5400,000 contract- 

Thiokol. tnc.'s improved 1X-33-20 
and TX-33-22 Sergeant rockets used in 
Polaris test vcliicTcs will provide the 
thrust, being ignited in pairs, and 'I'hio- 
kol XM-19E1 Recruit rockets will be 
arranged around the main rockets to 
provide a high initial boost. Sergeant 
contract is for 52.2 million and was 
let tliroueh Army Ballistic Missile 
Agenev. Secruit contract is for SlIO,- 
000. ■ 

This first phase progt.im also includes 
a 5120.000 contract to ABM.A-Thiokol 
for XM-45 capsule e-scape rockets. 

• Second phase of Mercury testing 
will use Clitysler Redstone booste-rs 
equipped with capsules that will cam- 
animals and, on later shots, possible 
a man. Contract to Army Ordnance 
Missile Command for Fiscal 1959 is 
54-49 million, with tlie final contract 
cost expected to reach S15-3 million. 

• Third phase will use Chrysler Jupiter 
boosters and also will include use of 
animal capsules and utubablv manned 
capsules fired on Icss-tlian-orb'ilal trajec- 
tories. Contract to .Atmv Ordnance 
Missile Command for I'iscal 1939 is 
52.74 million; total contract cost is 
eitimated at 54.43 million. ,ABMA will 
make the necessary modifications to 
the Chrysler-proeluccd Bedstones and 
jupiters. 

• Fonrtli pliase will use Convair Atlas 
D boosters the vehicle vvhicli will put 
the manned capsules into orbit. I wo 
contracts have been let tlirough Ait 
Research and Development Command's 
Ballistic Missile Division for I'iscal 
1939, one for 51.4 million and the 
other for 53.6 million. 

Contracts already awarded {see p. 
44) call for one Atlas-Able and two 
'Hior-Ablcs (.AW Feb- 23, p. 26) and 
one improved vchiclc-possiblv ;m .Atlas 
topped by the General Kicctric X-403 
A'anguard engine— all for firing in 1939 
and 1960; at least font to six |imo II 
boosters tor satellites and space probes; 
5140,000 to Minncapolis-IIonevwell 
Regulator Co. for automatic flight con- 
trol systems for Project Mereurv; and 
contracts for rocket tlirust chamhets 
and tooling and propellant tank assem- 
blies for a liquid hydrogen rocket test 
program at Lewis Research Center. 

.Also included is 52.15 million for 
the orbiting of a 100-ft. inflat.ible 
splicre of plastic coated vvitli alumi- 
num. which will serve as a passive 
communications satellite. Originally, 
tlie plan was to send it up this vear, 
using a Juno vehicle, but present plans 
cal! for launching in 1960 with citlier 
a Thor-Able I or some improved vehi- 
cle. 

Contract is with Army Ordnance 
Missile Command. 
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NASA Awards Scout Contracts 
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leakdown-Rcsc 

Scientific 


Prototypes 

and 


AIRCRAFT, MISSILE. AND SPACE 
CRAFT RESEARCH; 

Support of NASA plant 

Support of fPL plant' 

Research contraets 58.200.000 

SCIENTIFIC INA'ESTIGATIONS IN SPACE; 

Sounding rockets 500,000 

Earth satellites 3,000,000 

Lunar probes 3.000.000 

Deep-space probes 4,000,000 

Vanguard program' 

SATELLITE APPLICATIONS 
INVESTIGATIONS; 

Meteorology 1,200.000 

Comnmnicutions 1,500,000 

SPACE OPERATIONS TECHNOLOGY: 

Manned space flight 1.300.000 

Space rendezvous techniques 1,000,000 

SPACE PROPULSION I'ECIINOLOGY; 

Solid fuel rockets 800.000 

High-energy fuel rockets 3.400.000 

t-mnilon lb. Ibrust single chamber engine 

Nuclear rocket engines 2,000,000 

Spaec engines 1,000,000 

AuxiUarv power units 200.000 

SPACE SYSTEMS TECHNOLOGY: 

Advanced vehicle systems 1,200,000 

Orbiting space laboratories 900,000 

SUPPORT ING ACnVITTES: 

Tracking and data acquisition 800,000 

TOTAL RESEARCH AND DEX'ELOP- 
MENT 535.200.000 


51.049,000 515,621,000 


9.800.000 

2.600.000 

1,000.000 


teakdou 


railable. 


1.800,000 

13.600.000 

30.200.000 
5.500,00(1 
1,600,000 
2,700,000 


1.500,000 

5210,143,500 


2 . 000.000 

3.000. 000 

1.000. 000 

500,000 


300.000 

200.000 
100,000 


7,500,000 1,700.000 

545,649,000 533.921,000 


Total 


$16,670,000 

8,156,500 

8,200.000 


10 . 000.000 

61,800.000 

24,043.500 

22,500,000 


15,C 

13.C 


1,000 

1,000 


70.000.000 

3.000.000 


3.000. 000 
17,000,000 
30,200,000 

8 . 000 . 000 

3.000. 000 

3.000. 000 


1,500.000 

1,500.000 

2,000,000 


11,500,000 


5333,070,000 


35,000-ft. Sled Track Tested 


Holloman AFB— ,Aii I'otce fotmally 
iiiaugutatod its 35,000 ft. high speed 
test sled traek last week with a super- 
sonic run in which two live tats were 
ust-d in a g-forcc study. 

Test sled carrying the tats was 
boosted to a speed of 1,090 mph. by an 
Astrodvne Megaboom solid rocket 
motor that delivers 100,000 lb. of thrust 
duiiiig its 10 sec. firing period. Sled 
traveled ncatlv 30.000 ft., coasting to a 
stop before it reached the water brake 
;it the end of the track. 

During the inaugural run, vibration 
characteristics of equipment aboard 
were tested and studies were made of a 
new anti-g chamber developed Isy 
fJarald von Bckh, technical director of 
the Aeromcdical Field Laboratory. One 
of die rats rode in a trapeze-type rig in 
which it swung into a position where g 


forces acted transversely during accelera- 
tion. then swung around to a new po- 
sition to get the transverse effect during 
dcccicrarion. 'ITie second rat rode in 
a hend-to-toe position to provide a com- 
parison. Both rats survived the trip. 

Astrodync solid propellant booster 
w-as one of a type using modular design 
concept in which various extruded sizes 
and shapes of propellant arc combined 
to provide the propulsion needed for a 
particular test run. This modular ap- 
proach lends flexibilitv to test operations 
bv pennitting researchers to tailor the 
booster precisely to the requirements of 
a particular run. 

Astrodync has developed its capability 
for producing small extruded ammo- 
nium nitrate solid propellant grains 
through experimental programs and 
through a JATO production program 


which is now phasing out at the com- 
pany's McGregor. T ex., plant. 

Megaboom booster used to proyjcl the 
sled vv-as constructed of amnionimn ni- 
trate extruded pio|>ellant segments as- 
sembled to meet specificiitions for the 
job and held in place by a system of 
steel rods and plates. 

Several Megaboom motors have been 
used for track missions at Ilulloman in 
the past. 

Booster used in the sled run last 
week was produced neatly two years ago 
bv Rocket Fuels Division of Phillips 
Petroleum Co. before this division was 
absorbed bv Astrodvne. a siibsidiatv of 
Phillips and North Anioriean Aviation. 
The 21 ft. 11 in- motor was hauled 
2,000 mi. by truck and stored under 
varying climatic conditions before fir- 

Megabooni booster was 385 in. in 
diameter, w-cighed 3,934 !b. emptv and 
9.460 lb. loaded. 
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Navy Variable Thrust 
Liquid Rocket Tested 

Lake Denmaik, N. J.-Naval Ait 
Rocket Test Station here has designed, 
made and tested an advanced, variable 
thrust, liquid propellant rocket engine. 

Additional firings arc now under way 
to confirm initial data, and a complete 
report will be made in about two 
months. 

Throttlability in liquid rocket engines 
is not, of course, a new achierement. 
'ITie French and British have been using 
throttled engines for a number of years. 
In the UnitSl States, the Reaction Mo- 
tors and Curtiss-Wright powcrplants for 
the X-1, X-2 and X-15 aircraft were 
and are throttlabic to some degree. And 
Naval Ordnance Test Station (see p. 
■13) recently developed throttle-con- 
trolled prepackaged liquid propellant 

?he significance of the new NARTS 
system lies in its "unique” capability 
of maintaining optimum chamber pres- 
sure throughout the variable thrust 
range. In earlier engines which were 


throttled just at the injector to control 
propellant flow, there was usually a 
sharp fall-off io pressure and the danger 
of comhnstion instability when tire flow 
rate was cut back. 

To avoid this problem and maintain 
optimum chamber pressure, NARTS 
scientists base gone to a dual throttling 
system in which the rocket engine is 
throttled both at the injector and at 
the throat. This anangement is reported 
to give cmgines a 20-to-l throttling ca- 
pability and can be used with either 
pump or pressure-fed powerplants, 
using prepackaged or the most current 
cryogenic propellants. 

Almost es’ery liquid rocket power- 
plant from small verniers and drone en- 
gines up through the prime propulsion 
systems for missiles and manned rockets 
are potential candidates for the new 
thrust control system, according to 
NARTS, 

Adapted to existing rocket engines, 
the new dual throttling system could be 
in production and operational in a year. 
It would lake longer, of course, to de- 
velop and produce a completely new 
engine with the new throttling ar- 
rangement. 


U.S. Navaid Wins 
ICAO Recognition 

Montreal— After one of the most bit- 
terly fought technical arguments of re- 
cent years, the U. S. gained recognition 
of its VOR/DME-f as the interna- 
tional standard short range nasigation 
aid. Contesting the decision were the 
British and Commonwealth supporters 
of the Decca system (AW Feb. 16, p. 
35) here at the special meeting on short 
distance nas’igation aids of the Interna- 
tional Civil Asiation Organization. 

Voting at the meeting last week was; 

• For continuation of VOR as the 
international standard short range aid 
for lenninal and en route areas; 54 in 
fa\or, none opposed, 2 abstentions. 

• For extending the protection date for 
VOR (the period during which it shall 
remain an international standard) to 
Jan. 1, 1973: 28 in favor, 1 opposed. 6 
abstentions. 

• For modifying the present recom- 
mended DME standard to meet tlie 
specifications of DME-T; 30 in far’or, 
4 opposed, 6 abstentions. 

• For adoption of DME-T as an inter- 
national standard, to be installed in 
conjunction with VOR where required 
—the most hotly contested issue of the 
meeting; 20 in favor, 4 opposed. 12 
abstentions. 

• For establishing a protection date of 
Jan. 1. 1975, for the DME-T standard; 
24 in fa\ot. none opposed, II absten- 

Aithough the principal issue of the 
meeting was decided in this voting last 
week, the meeting will continue this 
week for the purpose of formallv deter- 
mining the final language of the new 
standards. 

The British are expected to fight a 
stiff rear-guard action in an effort to 
gain some type of official recognition 
of the Decca system in the ICAO 
recommendations. 

Victor B.2 Bomber 
Makes First Flight 

London— Handley Page Victor B.2 
bomber made a successful maiden flight 
last week. Tire plane is the first pro- 
duction airaaft to fly with Rolls-Royce 
Conway bypass engines. It has four, 
each of 17,250 lb. thrust. 

Among the new features of the B.2 
is a small Blackburn Artouste turbine 
engine built into the starboard wing 
root. It drives a generator presiding 
emergency power in low level flight, 
and provides air pressure to start star- 
board engines. Port engines are started 
by air pressure from the starboard ones, 
making the airaaft independent of 
ground starting supplies. 
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Canada Seeks U.S. Defense 


By J. S. Butz, Jr. 

Ottawa— Canada hopes to claim an 
inaeasing share of U. S. defense pro- 
duction contracts to help offset the ef- 
fects of its controversial decision to 
rely primarily upon U. S. weapon sys- 
tems for its own aerial defense. 

Tentative plans to gis’e Canadian 
industry access to the U. S. defense 
piocurement program, and Canada’s 
hopes for substantial U. S. business, 
were made known as an aftermath of 
the Canadian government’s decision to 
cancel the Madi 3 Avro CF-105 Arrow 
interceptor and the Otenda Iroquois 
turbojet engine contracts. Both con- 
tracts had wen widely subcontracted 
to Canadian industry and prosided the 
principal support of a large percentage 
of the Canadian aircraft complex, the 
nation’s third largest industry. 

Other Developmenta 

Other developments: 

■ Cancellations left long-range future 
of the two firms and of the "flying 
saucer” annular jet project under de- 
velopment by Avro for USAF and the 
II. S, Armv in doubt. Howeva, Avro 
hopes to continue development of the 
annular jet program and still has con- 
tracts for the modification of CF-100 
aircraft for the Roval Canadian Ait 
Force. 

• On the day the cancellations u’crc 
announced, all employes of the Avro 
and Otenda companies, approximately 
11,800 engineers and production work- 
ers, were discharged. Two firms now 
have enough work to keep between 
2,000 and 4,000 persons at work. Many 
of these already ha\-e been recalled, but 
only a small portion of the total arc 
design engineers, and the exodus to the 
U, S. apparently already has begun. 

• Government’s position was that the 
Arrosv decision had been made pri- 
marily on militarv grounds but that 
Canada also was seeking the best de- 
fense bargain it could find when it de- 
cided to rely almost exclusively upon 
the Boeing Bomarc interceptor missile 
for aerial defense. Prime Minister John 
G. Diefenbaker said: 

"I say with all of the seriousness that 
I can put at my command that the 
production of obsolete weapons as a 
make-work program is an unjustifiable 
expense of public funds.” 

• Opposition, in turn, charged that the 
Bomarc had originated as a "make- 
work” program for Boeing- 

Only concrete evidence the gosetn- 
ment could offer to back its hopes for 
increased U. S. defense business was 
the award of a $1-7 million subcon- 
tract by Boeing to Canadair for the 


production of Bomarc wing and tail 
sections. 

Howesa, according to U. S. sources, 
more than 100 Canadian firms have 
been ins'itcd to participate in bidding 
for other Bomarc subcontracts, and 1 80 
Canadair engineers are working on loan 
in Seattle on Boeing’s missile program 
(AW Feb. 23, p. 25). 

Canadian subcontractors will partici- 
pate in the complete production pro- 
gram, not just on those missiles ear- 
marked for tlic RCAF. 

What Canada Wants 

Rasmiond O'Hurley, Canadian Min- 
ister of Defense Production, says the 
gorernment's present aim is to ensure 
equal opportunity for Canadian firms 
in bidding on U.S. contracts and that, 
once tills is achieved, "the real success 
of production sharing endeavors de- 
pends to a large degree upon the dctec- 
niination of Canadian industry vigor- 
ously to seek defense business in the 
U- S. as eitlicr prime or subcontractors.” 

O’Hurlcy added that Canadians 
would liaie to become competitive ivitli 
U. S. industry in terms of technical 
competence, dclii’ery and price. 

One potential hitch in Canada’s plans 
is the Buy America Act which is still in 
effect in the U.S. It requires, in many 
instances, that foreign bids for U. S. de- 
fense business be subject to duty and 
also must be raised by approximately 
6% when its bid is considered alongside 
those of U. S. finns. It has not vet been 
determined iihcther the act will appli 
under the present loose U.S.-Canadian 
arrangements initiated last December. 

Canadian ability to compete for prime 
U. S. contracts also may be seriously 
limited if the Avro and Otenda engi- 
neering and management forces ate not 
held intact. 

The goi’erament appirently believes 
that the principal Canadian opportunity 
will be subcontracting to large U.S. 
primes. Opinion is widespread in the 
Canadian industry, however, that this 



Contracts 

will not M’Ork and that a definite agree- 
ment must be reached allotting Canada 
a definite portion of the production for 
mutual defense. 

Feeling behind this is that the shrink- 
ing number of contracts available to the 
U. S. aircraft industty and the relatively 
large number of unemployed in the 
U.S. will combine to deielop too great 
a political pressure to permit anv siz- 
able lolumc of business to leave the 
country. 

One program that lias been developed 
primarily with U. S. funds Over the past 
several years-and because there was no 
comparable U.S. project— is Avro's Fly- 
ing Sauca Project which the company 
describes as a "revolutionary type ver- 
tical takeoff aircraft.” 

The project utilizes the annular jet 
principle vvliich offers the possibility of 
increasing lift as a vehicle enters the 
ground effect by a factor of 100 or more 
as compared with a lift inaease of 15 
to 20% for airplanes and helicopters. 

Several fimis ate conducting small- 
scale experimental work along these 
lines, but Avto is expected to be the 
first by several years to fly a man-carcy- 
ing version. Before the Arrow cancella- 
tion. first flight of the Flying Saucer was 
scheduled for sometime this spring or 
summer. 

Project Cancellation 

At the time of the cancellation of the 
CF-105 and Iroquois projects. Prime 
Minister Diefenbaker told the House 
of Commons that the primary reason 
behind the government’s action was the 
belief that "events had overtaken the 
Arrow” and that it is now obsolete- He 
conceded that development of the air- 
craft vvas a significant technical achieve- 
ment but offered no hope that the 
government could utilize the facilities 
of the Avto and Otenda companies in 
the immediate future, 

Position of A. V. Roc, the holding 
company which controls both Avro and 
Orenda, vvas made shortly afterwards 
when the company accused the govern- 
ment of failing to give it any warning of 
the cancellation and of not meeting 
witli its officials to discuss proposed 
development projects which coufd be 
useful to tlie nation and save the expe- 
rience and ability that had been built 
into tlic engineaing design groups at 
Avro and Orenda. 

The matter was debated in the 
House of Commons the following day 
while normal business was suspended. 

Parliamentary opposition to Dicfen- 
haker did not challenge the cancclbtion 
of the Arrow program, ' and most 
Canadians, as well as rhembers of 
Parliament, appeared to agree that 
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ikAtiopmciil uf <icl\imci;il wiapoii a;s- 
tciii.s such iis CI'-105 i& loo coitU foi 
;i iKition of approximately 17 million 
people to undertake along. 

The gorcrinnent reittrated its posi- 
tion of tolying upon tlie Boeing Bo- 
mate interceptor missile for the aerial 
tlcfensc of Canada under an arrange- 
ment whereby the U- S. would bear 
Iwo-thirds of the cost and Canada one- 
third. 

Disagreement as to tact deseloped 
hchscen the goscniment and the com- 
pany on sescral major points concern- 
ing the .Arron' program, jxirtieiilarK' 
total cost- The conipam said cost of 

E rodiiction of 100 aircraft would Iw 
AS than S-t million each; the gor ern- 
inent put tlic cost at approximately 
S7.8 million. 'Ihe government figures 
«crc not seriously cliallengcil during 
the debate in commons. 

Another reason for the Ch'-lOi 
rancellation. according to Diefcnbiiket, 
is that "already the U, S. Air I 'orcc has 
decided not lo continue «ith the for- 
ther development and production of 
U.S. aircraft" having the same general 
jvcrfomiancc as the Arron . During the 
debate in Commons, he identified 
the U. S. aircraft as the Conv-air l''-106. 
Maximum speed of the h'-l 06 is approxi- 
mately Mach 2. Tlie Cl'-105 has a 
potential of Mach 3. 

Later in the debate. Diefenbaker, 
who read from Canadian iievvspa|)er 
and periodical reports to make inanv of 
hi.v points, quoted an article which .olid 


that the -\rrovv was eapahle of speeds 
of above 2,000 inph. but only in short 

Its Mach 1 speed would place the 
Arrow relatively dose to the general 
performance category of tlie North 
American F-108, which is scheduled to 
be ill rlevelopment over the next several 

It has 1x;en widely reported in Can- 
ada that the five .Arrows now (lying 
with Pratt & Whitney J75 engines have 
approximately i-qiialed the world speed 
record of 1.-10-1.19 mph. set bv the 
Lockheed h'-lO-l. llie sixth flight test 
Arrow now nearing its initial flight date 
will be powered bv Orenda Iroquois 
turbojets which will increase the power 
available by 307f or more for approxi- 
mately tlie same engine weight. 

Pcr'fomiance estimates are that the 
Iroqiini.s will add -tOO-to-sOO mpli. to 
Ihe aircraft's tO|3 speed and bring it to 
the Mach 3 speed range. 

Possibility of ever proving vvlietber 
file .Arrow and its Iroquois engines could 
teach this speed free of serious trouble 
is now largely academic. It would be 
virtually impossible to continue a flight 
test program in such an early stage 
vvithaiit large-scale cnginccriii| support 
which the government is not preparexi 

The government also indicates that 
it will not release that test data that 
has been collected thus far because, 
although no Western power is inter- 
ested in either the engine or the air- 



frame, it feels tliat the information 
possibly could aid a potential encniv. 

Official reaction of the Royal Cana- 
dian Ait Force to the caiicellition of the 
CF-IOS is lacking since in Canada 
advice from the milihary is rarely made 
public except through the civilian mem- 
nets of the goumment. 

However, Air Marshal Roy Slemon. 
RC.AF deputy commander of the North 
Americ.in Air Defense Command, made 
his support of the CF-105 public last 
November and vv-as sevetelv itpii 
manded in Ottawa. Slemon said: 

"W'c would be derelict in our dntv 
not to make recommendations in wliieli 
we sirioiisly believe. ... If 1 li.ivc gimt 
bcyinul propriety, I’m quite ptepaied to 
suffer the consequences bceaiise I be 
licAC I must be quite frank." 

In discussing the CF-103’s petfotm- 
anee. Prime Minister Diefenbaker re- 
ferred to another piihlished aptirf that 
tlie fighter’s comtjat radius was onlv 
about 300 mi. lie said that such a 
r.ingc did not warrant calling the air- 
craft a long-rjiife jet fighter as it had 
been represented to the Canadian 

Diefenbaker also said that the .Arrow 
could not enter general squadron sen- 
itc until 1962 when long-range ballistic 
missiles would represent the primatv 
threat to North America. 

According to government estimates, 
.\irow cx|)ciiditures in some vt-ars of its 
development and production schedule 
would have come close to 103? of the 
oversill defense budget. 

Diefenbaker said that "the cost of 
the Bomarc missile to Canada, as coin- 
)xired to the S781 million for the CF- 
105. is approximatelv SI 10.8 million. 
Hnit represents something that imist he 
taken into consideration, all things 
being et|ii;il and the defensive proper- 
ties of each arc about the same." 

Political thought in Canada now 
steins to range from a gre-at fear that 
Canada will lose its sovcreigiitv if it 
does not hav e the technical capabilitv to 
dcA-elop advanced weapons and does not 
pay complctclv for its own defense to 
beliefs at the other end of the scale 
that, if the U.S. will not share equitahiv 
in defense production. Canada should 
withdraw gradually Ironi the North 
American defense picture and let the 
U. S- carry the burden alone. 

Holders of the latter view point to 
the tact that U. S. troops have been sta- 
tioned in European countries for vt-,us. 
w ith the U- S- paying a large share of 
the defense costs, and that none of 
these enuntries has lost its sover- 
eignty. Tlicy add that sav ings to Canada 
incurred by throwing most of the Inir- 
den of defense to the U.S. could then 
be expended on the economic develop- 
ment of the country. 

Diefenbaker and most of his opposi- 
tion are pursuing a course falling be- 


AVIATION WEEK, Moreh 2, 1959 


tween these two extreme views. 

Anti-American feeling is being ex- 
pressed in some quarters because USAF' 
failed to show any positive interest in 
the Arrow program and several other 
Canadian projects with acknowledged 
merit. Thus fat, however, no strong 
sentiment has developed, and most 
judgment probably will bo reserved un- 
til the outcome of U.S. and Canadian 
production sharing efforts become clear. 

Public exchange between the govern- 
ment and A. V. Roe was bitter after 
the contract terminations. It included: 

• A. V. Roe said it had no advance 
warning of termination. The govern- 
ment said just as strongly that the hand- 
writing was on the wall for all to sec. 

• Dierenbaker said company manage- 
ment had discharged all its workers in 
an effort to embarrass the government. 
Avto said it had to discharge everyone 
and then rehiic according to seniority 
to abide by union agreements. The 
combined Avao-Orenda payroll was 
around $1 million a week at their em- 
ployment levels of two weeks ago. 

• Diefenbaker spoke at length in Com- 
mons about the Avto "lobby” and the 
severe pressure the compaiy purport- 
edly brought to bear in an effort to save 
the Arrow. 

■ Government said the company had 
failed to propose any serious plans for 
alternative work if the Arrow were can- 
celed. The company replied that it had 
made six proposals whicn no one in the 
government would discuss. 

Degree of misunderstanding existing 
was illustrated when the Prime Minister 
discussed a company proposal for a 
small turbojet transport to replace the 
Viscount. Diefenbaker said that the 
conipanv had wanted S30 million just 
to get tfie program under way. A com- 
pany official stated that the offer to the 
government had been to risk consider- 
able Avto funds in the development, lie 

guarantee from the RCAF for the pur- 
chase of 25 of the aircraft- The sales 
price would be adjusted so that develop- 
ment costs would be amortized for a 
production of 100 aircraft and the com- 
pany would have the responsibility for 
selling the rest. 

Two meetings were held eatlv last 
week between Diefenbaker and the 
A. V. Roe management. No statements 
were issued after the meetings except 

f overnment assurances that means were 
eing explored to find employment for 
the Avto and Orenda workers. 

Douglas Sets Sales 
Record; Profits Drop 

Santa Monica, Calif,— Douglas Air- 
craft Co- sales in 1958 reached a record 
high of $1,210,454,621, but net earn- 
ings dropp^ to $16,847,028, or $13.- 
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Company officers told stockholders 
the drop in earnings resulted from write- 
offs totaling $67. 7 million on the DG8 
turbojet tran^rt program; fewer de- 
liveries of DC-6 and DC-‘7 propeller- 
driven transports; a protested tenegotia- 
tion payment to the federal government 
of $2,025,000, and increasing labor and 
materials costs. 

Douglas missile business increased 
109% over the previous year, with sales 
of $415.6 million, compared with 
$199.1 million in 1957. 

Militarv aircraft sales were S536.8 

million. 

At the close of the fiscal year (Nov. 
30). the company employed 72.000 
workers, down 4,060 from a similar pe- 
riod in the prev ious year. Company said 
a further reduction in work forces will 
be made in 1959, adding "this decline 
might be considerably greater than that 
in 1958, according to estimates based 
on present firm orders and letters of in- 
tent." 

News Digest 


Second Air Foice-Mattin Titan inter- 
continental ballistic missile was succcss- 
fullv test fired last week from Cape 
Caiiaveral, Fla., over a 250-300 mi. 
range in the second checkout of first 
stage-propulsion, guidance, structural in- 
tegrity, etc. Dummy second stage was 
used- I'our missiles originally were 
scheduled in this test phase, but two 
successful Riglits might cause a telescop- 
ing of this part of the program. 

Contracts totaling $1.9 million for 


30 sounding rockets to be fired from 
Wallops Island, Va.. and Ft- Churchill, 
Can., m 1959 and the first half of I960 
have been an-arded to Naval Research 
Laboratorv' by the Space Sciences Divi- 
sion of National Aeronautics and Space 
Administration. The division also has 
contracted with NRL for $2 million 
worth of instrumentation on IS satel- 
lites and space probes that are to be 
fired this yeat and next. Instruments 
will measure moon’s magnetic field, 
micronictcoritc impact, cosmic radia- 
tion, etc. NASA has awarded Daniel, 
Mann. Johnson dr Mendenhall, archi- 
tects and engineers of Los Angeles, a 
contract for design of two launch em- 
placements, a blockhouse, and a static 
test facility at Wallops Island. Cost is 
estimated at $2 million. Launch em- 
placements may be used to launch both 
lir^id and solid propelled research 

Thiokol Chemical Coip. directors 
last week voted in favor of a 3-for-l split 
in outstanding capital stock, subject to 
stockholdet approval on April 16. Split 
will be for stockholders of record April 
20 . 

Convair Astronautics Division of Gen- 
eral Dynamics Corp. has awarded a $3-1 
million contract for Atlas intercontinen- 
tal missile ground support equipment to 
Systems Division of Consolidated Elec- 
trodynamics Corn. Equipment includes 
high pressure helium and nitrogen con- 
trol systems used for checkout of Atlas 
pneumatic and fuel systems prior to 
firing. 

Grand Rapids Division of Lear, Inc., 
has received a S3 million follow-on 
order for coordinate converter systems 
for Boeing Bomarc IM-99A missile. 
Svstem provides basic gyro reference 
and airborne computer for flight 
guidance. 

Study contract in the field of anti- 
missile defense has been awarded to 
Solar Aircraft Co., San Diego, Calif., 
to be administered by Army Ordnance 
Missile Command. Contract was 
awarded as result of a new approach 
developed by Solar and proposed to 
Advanced Research Projects Agency. 

Riddle Airlines last week signed a 
provisional order for four Armstrong 
Whitworth 650 turboprop cargo carriers 
as an eventual replacement for its pres- 
ent fleet of 32 low-capacity, high-oper- 
ational-cost C-46s (AW Feb- 16, p. s5). 
Informed sources said the aircraft will 
sell for SI. 5 million each. Terms to 
the carrier reportedly include 10% 
down and no payments until the sec- 
ond year, with the total purchase price 
expected to be spread over a six-year 
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In first three months’ operation turboprop aircraft 
increase revenue miles flown; draw new customers. 
By ^\'iUiam S. Rccd 

Seattle— Introduction of turbine equipment by ^\'csf Coast Airlines lias 
ill the carriers three months' cxiKricncc with the aircraft increased the mun- 


ber of rcvcniic miles flown, attracted 
general expansion of business. 

West Coast inaugurated its 40-pisscn- 
gcr Fairchild l'-27 scrsice September, 
1958. and produced some surprising 
figures for October, the first iiiontli of 
operation. During September, 1958, 
openilioii on cettain selected routes, 
Douglas DC-3s carried 565 passengers 
per mile. During the first full month 
of I'-Z? operation, the same routes 
yielded 840.5 passengers per mile, an 
increase of 48.76%. In passenger miles, 
the iuCTcase was from 1.061.240 to 
1.576.778. 

Increase resulted despite tlic normal 
se-a.sonal decline in bnsine.ss experienced 
cvers- fall since the airline started. W'est 
Coast .said the first inacase in business 
might base iKvn due to the nosclts’ of 
the F-27 and the fact that pisscngers 
might have deliber.iteh- rcartangexl their 
schedules to try the new aircraft. IIoss-- 
eser, the trcml continued and scat<nd 


new customers and brought about a 


figures shoss' tli.it, for December. W'est 
Coast's six F-27S flesv 2.275,641 p.is- 
.sciiger miles. 

Figiire-s for actual cost per scat mile 
were not as-.iilable since the campmv 
had too majiy intangibles to consider 
for an accurate picture to emerge. Lc-am- 
iiig ainc for all tspes of personnel 
from baggage handlers to management 
is still on tlic upsss'ing and tlic sixth and 
la.st I'-27 was not dclisered until late 
N'oiembcr. West Coast'.s management 
bclies'cs. Iiowcier. that the cost per 
scat mile «ill be far enable enough that, 
barring a gcmcml decline in the nation's 
economy, its end to gmemment sub- 
sidy could enme in three years if tlic 
F-27 U'crc operated exclusisely. 

West Coast -\irlincs now operates 
its fleet of six Fairchild F-27s and 14 
DC-5s mcr a route of 2,200 mi., mak- 


ing some 30 stops. Recently Civil 
.Aeronautics Board tcntiitiseli' aiithot- 
iiicd an additional 1,600 mi. of route 
«-itli 14 added stiijjs. Average stage 
length is about 68 mi., with shortest 
length 28 mi., and longest 204 mi. 
Ideal stage length ccmi)Mitcd for the 
F-27 operation is about 125 mi., but 
this cannot be achiev ed unless skip-stop 
authority is granted by the CAB. 

Iliis doesn't mean AV'est Coast would 
discontinue scrsice to small communi- 
ties, but rather that aircraft would not 
stop at escry station on esery fliglit, 
thereby increasing the ascrage stage 
length to more iie-ariy approximate the 
optimnni. One run \\'est Coast pilots 
make around the state of Washington 
imoKes 16 stops. .As a result, cravs 
bex'omc serr' practiced in instninient ap- 
proaelics, landings and takeoffs, but 
stage lengths imolsed arc not ideal. 
Company Financing 

West Coast iias had financial uncer- 
tainties like most local scnice carriers, 
but its president, Nick Bez, through 
other business resources, was able to 
give consideral)ly more enhanced credit 
standing to the line. 

Once the decision was made to tc- 
et|iiip. West Coast obtained two S2 
million liaiik loans, one from a Texas 
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Ijank. An additional 8750,000 was 
raised by disposal of surplus assets and 
subscription to stock by company offi- 
cials. 'I'hns. West Coast is still in the 
position to avail itself of a Civil Aero- 
nautics Board guaranteed loan, should 
it become desirable to refinance and 
raise addition.!! capihil- Although S4.75 
million was more than needed for pur- 
chase of six aircraft, capita! was needed 
for purchase of training aids and antici- 
pated expansion of routes. 

Although new aircraft have been in 
service too short a time to prov ide any 
definitive figures, company management 
is confident that tlic F-27s will be 
good revenue producers. AV'est Coast 
sees the airplane as a means for getting 
the local sendee lines off subsidy. 

F-27 Maintenance 

Few bugs have shown up in the F-27. 
according to AA'cst Coast. Trouble in- 
volved C)-ting failure in fuel pump, re- 
peated inverter failure, and nose wheel 
retracting cable breakage. Fuel pump 
and inverter troubles were eliminated 
bv fixes fro™ manufacturers and nose 
wheel retracting cable liteakagc was 
stopped vvlien gear-down limit speed 
was tcmporarilv lovveted from 170 kt. 
to 140 kt. Fairchild .Airplane & En- 
gine Co. is developing fixes on nose 
wheel cable breakage. Modification 
programs arc already under way in 
which Fairchild will send teams with 
various kits to each user's base and per- 
form work at inspection intervals. 

Another modification which affects 
the first five aircraft delivered to West 
Coast is the cabin air conditioning 
blower. In flight, the blower makes an 
objectionable, high-pitched whine, Thi.s 
was eliminated in West Coast's sixth 
airoiane hut modification in tlic field 
will he necessarv for the first five. 

Still another difficulty appeared in 
the pneumatic system which operates 
the landing gear, nose wheel steering, 
passenger entrance door and the wheel, 
parking and propeller brakes. Moisture 


would collect around tlic pressure relief 
v'jlve in the .vvstem during operation in 
tile relativclv vvariii lumiid climate 
around Seattle. Fast of tlic Rocky 
Mountains, the drvci, colder climate 
caused the valve to freeze. This caused 
no emergencies, but did necessitate 
fixes to the valve and dchumidifying as- 
pect of tlie engine driven compressors. 


One of the Rolls-Rovce Dart 6 turbo- 
prop engines on the oldest F-27 was 
temoved after a total of approximately 
700 hr. airframe-engine time. Removal 
was prcinatiirc. not due to failure, but 
done so that regularly scheduled engine 
removals for overhaul work could he 
staggered. Rolls-Royce rraorted back 
to West Coast from its Canadian fa- 
cility that tlic engine showed notliing 
more than routine wear. 

Baggage Bays 

One otlier minor engineering change 
icmteinplatcd by West Coast is modi- 
fication of laaggage bays. Baggage now 
is carried in two large bavs forward of 
passenger cabin, lliese ate ideally lo- 
cated. according to West Coast, but 
must be subdivided. .Anticipated fix is 
to install a shelf in each bay so that 
baggage need not he loaded in stacks. 
Because of short hauls, it has frequently- 
been necessary to off-load baggage to get 
at pieces which arc on the bottom of 
the pile. Installing shelves, a simple 
matter, will eliminate stacking. 

Some of W'est Coast's pilots were 
practicallv weaned on the DC-3 and, as 
Mich, v iewed the new I'-27 with a some- 
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nh;it jaiindicfd l'\c. However, once 
Ir.uisitioii to the ne\\ equipment was 
conipletfd, tliev were won over. Ilicy 
are uiiiininious]\ enthusiastic svlieii talk- 
ing about the aircraft. Yo-yo operation 
of W'est Coast’s routes made for a hard 
day in the "front office " but fatigue 
factors are con.siderably reduced in I'-ZT. 
Copilots work a bit harder because the 
same amount of paper work and report- 
ing by radio lias to be done as in the 
OC-5, but in a slioitcr time. 

Considerablc 0 |)cration on wet and 
iev runwavs is iiea'Ssarv on some sta- 
tions and tliis is easier in l'-27 than in 
lDC-3 types. l'-27s are not equipped 
with thrust reversers, but placing the 
propellers in flat pitch produces scrv 
good braking effect. Landing at Seattle's 
Boeing Kicid on a wet runwav in a no- 
wind condition, the I'-27 needed power 
application to turn off at lialfsvay point. 
I'his was accomplished without use of 

Training for conversion to l''-27s 
costs W'est Coast about 53,900 per 
crew, included is cost of somewhere 
between 1 1 and 20 hr. of flying time, 
100 hr. of gtoniul school, and crew sal- 
aries. Complete training kit on the 
I3art ciigine-propcllcr combination was 


piircha.scd from Roll.s-Rovce. in addition 
to manuals from fairchild on the air- 
frame. Training will continue until all 
of West Coast’s 26 crews ate tran- 
sitioned; thereafter they will get peri- 
odic refresher courses. 

,\irliiie also has had to hire about 68 
additional groimd personnel as a result 
of increased business. Baggage han- 
dling and ticketing operation.s. all predi- 
cated on the 2d-passengcr DC-3, had 
to be e.vpanded. as well as the reserva- 
tions staff. .Additional personnel will be 
added when new routes go into effect. 

One facet of h'-27 operation is causing 
West Coast comideiahle concern, and 
this is where C.\B Special Regulation 
422.A restricts the aircraft’.s takeoff 
gross weight. SR 422A is applicable to 
all turbine-powered aircraft and makes 
no distinction between turbojets and 
tnrboprops. riins, tiirboprops must 
pay the s;mie penalty as turbojets, 
even though they do not suffer as great 
a thrust loss when operating at elevated 
temperatures. Turboptops suffer a 
greater loss of efficiency at elevated tem- 
peratures than do rcciproc-ating-cngincd 
aircraft but not as much as turbojets. 

Even tliongh the E-27 at full takeoff 
gross weight and with full temperature 


accountability has a better single envginc 
perfonnance than a DC-3, passenger 
loads must be testticted at some stations 
when runway temperatures reach S7F. 
It is the second segment climb gradient 
portion of SR 422.A tliat Inirts the 
i’-27 and West Coast hopes the C.AB 
will take cognizance of the difference 
Isctvvccn turbojet and turboprop per- 
formance and make adjustments in the 
regulations. 

Generally, West Coast’s management 
feels that things ate definitely liioking 
up for the local service airlines, rrunk 
lines, once dedicated to stamping out 
smaller lines, arc now estending cooper- 
ation. Now that an aircraft built to 
iietinit economical operation or short 
hauls is available, trunk carriers realize 
the value of feeders and have given up 
routes which thev have not been able 
to operate with their larger equipment. 
Local service carriers also appear to he 
headed for daylight out of the financial 
vvrjods and expect to find a place as a 
pennanent part of the nation’s econ- 

Malayan Considered 
In Honj^ Kong Merger 

Hong Kong— Merging of Hong Kong 
may be followed bv merger of Malayan 
.\irvvays and Cathay Pacific .Airways 
•Airways with the new combine, reliable 
sources licrc believe. Negotiations are 
reported under vv-.iv. 

In effect, Cathay Pacific is taking 
over Hong Kong Airvvavs’ routes. Hong 
Kong has operated under heaw losses for 
Ihe past tvvo-and-one half vears; sources 
.said British Overseas .Ainvavs Cotp.. a 
half-ovviiet. was prepared to support the 
losses, but the otlicr tnvncr. Jardine, 
Matheson & Co.. Ltd., was not. 

I30AC will continue to have a mi- 
nority interest in the new company and 
a member of Jardine. Matlieson will 
hold a scat on the bo;ird of directors. 
Cathay Pacific is principally owned by 
Butterfield and Svvitc. 

Cathay Pacific was originally otgan- 
b.cel hv three cx-U. S. mililarv pilots 
in Burma ;iiul southwestern China after 
AA’nrld AA'ar II. Butterfield and Swire 
bought the airline in the e;irly postwar 
period and exploded its routes toward 
flic south in the hope of carrving a 
great jiart of the Chinese emigrant traf- 
fic which Iloiig Kong .Airvvavs. living 
north out of lumg Kong, was to have 
picked up in mainland China. 'Hie 
fall of China to the Communists in 
1949 brought a halt to traffic in and 
out of China of any volume. But the 
great increase in air travel through the 
area lias made the airline a very profit- 
able venture. 

Cathay Pacific has had no grandiose 
ideas, tuns a very tight, small organi- 
zation. The economies of Butterfield 
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and Swire’s long years in China trade 
have been ttansferted to the airline and 
no unnecessary expenses are allowed. 
i'’or example, Cathav Pacific, while re- 
specting International .Ait Transport 
Assn, fates, has never joined. 

The line operates out of Hong Kong 
to Manila. British Borneo points, Singa- 
pote. Malaya, Laos. South A'ietiiam. 
Cambodia, 'lliailand. Burma, and into 
Calciithi in India. It has rights to In- 
donesia and Australia but has never 
exercised either. (.Austr.ilia National .Air- 


ways is one of the five stockholders in 
the compiny but control of the old 
Cathay Pacific was conipletclv in the 
hands of Butterfield and Swire, as will 
be the new coinpanv.) AA’ith the mer- 
ger, it now picks up Hong Kong .Air- 
ways’ routes to Manila, Taipcli, Tokyo, 
and Korea. 

Last year the airline e.itried 38.807 
passengers as compared with 48.9T0 
the year before, and 47.438 in 1936. 
The load factor over all routes for the 
year vv-as 607!. 


Malayan .Airways, which rccentlv had 
to abandon its Singapore-Kuala Lumpui 
Hong Kong flights, is a combination of 
loeai capital and BOAC and would fit 
neatly into the new Catlmv Pacific- 
lloiig Kong |)ackage. 

Such a region, i! carrier will find an 
increasingly big role in this area with 
BOAC planning to begin Comet fliglits 
into Hong Kong tlumigh India shortly 
and Pan American hoping to get trans- 
pacific jets operating before the end of 
the year. 


National Plans Route Pattern Expansion 


By L. L. Doty 

Miami-Sparked by its successes with 
Boeing 707-120 turbojet operations. 
National Airlines is keying its future 
plans for jet service to an all niit drive 
for an expanded route pattern that will 
provide high-densitv industrial markets 
as counter-balances to its seasonal Flor- 
ida traffic. 

Tlie carrier’s current re-equipment 
program is designed to meet the needs 
of the fluctuating New York-I'loriela 
market while providing long-hau! and 
•vliort-iiaiil flexihililv in serving such a 
market as a southern transcontinental 
route. National hopes to add this lat- 
ter route to its system as an ideal offset 
to the vagaries typical of resort traffic. 

Here is National's future eqiiipmeiil 
program as outlined to .Avia’I ION \Vt:Kk; 
by L. A\'. Dymoiid, vice president- 
operations; 

• Reciprocal lease agreement with Pan 
.American World Airway s will provide 
National with cither Ihe Boeing 7(1"- 
120 or Douglas DC-S turbojet service 
it needs to cover the busy livc-mcnth 
h'lotida season from December to .April. 
Period of the lease is 10 vears (.AAA' 
Sejit. 13. p. 38). 

• I-'lect of three Douglas DC-8 turbo- 
jets. scheduled for deliverv next Janu- 
ary. wall fill the carrier’s initial long- 
haul needs. Total of 23 Lockheed 
EIcctra tnrboprops vvitli delivers begin- 
ning in April, will serve tlie off-season 
p’lorida market and cover all mcdiiiin- 
haiil operations throughout the jircsent 
and |)lamied route striietntc. 

■ National will retain its fleet of Doug- 
las DC-7.S to supplement the I'.lectni 
operations. Serious consideration is be- 
ing given to the conversion of the 
DC-7.S to turboprop power. 

• Carrier plans to dis[>osc of its 12 Con- 
vair 340s once the modernized fleet is 
fiillv integrated into the system. Con- 
vait 440s and DC-6s proliahly will be 
retained to handle sliort-haul reqiiire- 

To date, experience with the Boeing 
707-120 operated under a short-term 
lease with Pan .American has proved to 


be a "spectacular’’ success, according to 
National officials. Load factor has held 
consistently at a strong 92%. Only- 
two fliglil.s have landed short of destina- 
tion since scnicc began Dec. 1 3-one 
flight vv-.is e.incclcd at Philadelphia hc- 
eaiise of weather at Idlewild and an- 
other flight was interrupted at Balti- 
more for mcelianical reasons, calling 
for an imschediilcd engine change. 

According to AA'alter Sternberg, 
senior vice ptcsieleiif-traffic. sales and 
public relations, the Boeing is attract- 
ing passengers because its flight charac- 
teristics arc mitigating Ihe feat element 
of flying. Sternberg told .Avi.vnos 
AA'eek that NationiiTs experience with 
the Boeing all Init contradicts earlier 
survevs of jet flight which geiierallv 
suggested that the fear factor might 
climb with the introduction of turlxi- 
jets. He said the lower noise level and 
lack of vibration appear to be creating 
a grc,itcr sense of secutitv among pas- 
sengers than is normally evident on 
piston engine flights. 

Ground Hondlin9 

Hie airline has encountered no .scri- 
uns gtuimd-handling problems with the 
Boeing, according to Dynioiid. Load- 
ing and unhaidiiig the Boeing’s full ea- 
p;icitv of 113 passengers has not posed 
any abnormal difficulties since the airline 
was already equipped to handle the 104 
p,is5citgcrs which the coach version of 
the Lockheed 1049II Constellation now 

Sufficient gate spiicc is available at 
both New A'ork Infernational .Airport 
and the nenv Miami Intcrnation.il .Air- 
port to permit tile Boeing to stand bv 
at its gate position while waiting for 
a takeoff turn during airport ground 
delavs. At airports where gate space 
is at a premium and parking time is 
limited to as short a spell as 30 min,, 
turbojets will he retiiiited to hold at 
the end of mmvays with power on dur- 
ing takeoff delays. 

National has entered the 120 into 
holding stacks and held to established 
traffic patterns without suffering too 
severe economic pemilties or requiring 


special operating privileges. However, 
the carrier is actively pushing for the 
early n.sc of separate holding st.icks and 
let-slow ii pmaxlures of turbojet aircraft. 

Dyimind said turnaround procedures 
at Aii.iini are .scheduled at one hour and 
13 min. 'Turnarounds, which include 
cabin cleaning, ground maintenance and 
refueling, are notmalh- completed well 
under the established time, although 
cleaning crews have hecii inctcvised in 
size because of the difficulty in cleaning 
the light colored fabrics Pan Amcric.in 
has chosen for tlie interior. National 
docs no airframe or engine overhaul 
work on the Boeings. 

Sternberg has admitted that a nitmher 
of coniplaiiit.s against the threc-ahreast 
seatii^ configuration of the Pan .Ameri- 
can Boeing h.ive been received, nie 
aircraft is designed with a North .Atlan- 
tic economy-class, three-abreasf seating 
compartment with a first-class section 
and an eight-scat pissenger lounge. 

.-All scats arc sold at first-class rales 
but the first-class, two-.ibreast seats and 
four of the lounge scats carrv a SIO jet 
surcharge. I-cdeml .Aviation .Ageiicv is 
checking safetv regulations to determine 
whether passengers can he scaled in 
lounge areas svTiich mav not provide 
.sufficient hack support diiriiig landings 
and takerrffs. 

Slornlx-rg has h.iiullcd all cmnplaints 
individually hv a letter explaining that 
National’v tiesire to ;iccelerate the intro- 
duction of turbojet service on the New 
York-Miami route ]3rom|ited the carrier 
to use the lAm .-American Boeings at 
first-class fares despite a seating arrange- 
ment vvliidi is imeonvcntional in domes- 
tic operations. 

P;iin|)hlets explaining the seating 
configuration in a simil.ir vein arc now 
distrilnited on all jet fliglit.s. 

Sternberg has long been a strong 
supporter of coach service and is not 
an advocate of a substantial fate in- 
crease. In fact. National is tlie onlv- 
U. S. trunkline which li;is not ;ipplicd 
for a fare increase- in the Civil .Aero- 
nautics Board Cenetal Passenger l-are 
Investigafimi. 

lie told .Aviaiios AVi.iik he w-ould 
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like to sec tlic eliminetidn of the lO'-'r 
Eovctiimciii tt.msportJtioii tax with 
f.iics iiicraiscO bs- that amount if the 
latcs imist he increased at all and added: 
"Tlie telatise position of the airlines 
ill the transportation field grows stronger 
as our prices rtinaiii low uhile costs of 
rail, bus. automobile and even shoe 
leather contimics to climb." 

A. C. Hardy, senior sicc president 
in W'ashington, later echoed this phil- 
osophy by noting that all caniers have 
enipty seats each das and "it isn't going 
to be any easier to sell those empty scits 
by increasing the price of them." 

Sternberg is not supporting lower 
fare’s. In fact, he docs not necessatilv 
endorse promotional tspes of fares but 
bclieses that the best wav to generate 
new traffic and develop ne’w markets is 
through dependahilitv of service. He 
wants to sec schedules operated with 
"subway regularity" as a major step 
toward building up both sliort-liaiil and 
long-hard eomnuiter traffic— a market, 
he adds, that has been harelv ta|jped. 

Sternberg believes there is "no 
weather" in todav’s operations which 
.should eau.se prolonged traffic delays, 
lie anticipates that over-taxed airvvavs 
should be eased sufficiently by 1563 to 
permit the regularity of operation he 
feels is necessary before airline seats 
can he merchandised effectively. 

hr additioir, he prefers to sec the 
development of such programs as "liy- 
drivc” eampiigns to pierce coirrpetition 
'ienmiing from the private aiitomohile 


VVashiirgton-Plans of Britivlr Over- 
seas Airwavs Corp. to introduce turbo- 
prop service from New York and Sair 
i'tancisco to Honolulu and Tokvo are 
drawing bitter protests from the 
domestic airliire industry. 

Strong opposition to the BOAC 
move stems from an application bv 
the carrier to the Civil Acniirautics 
Baird for air amondiirent to its foteign 
air carrier permit to include 1 okvo on 
its route from Hong Kong to San 
I rancisco and New 'Vork. Operation 
of the new service— scheduled to begin 
.\pril 1 if the Board approves the ap- 
plication-will close the final gap in 
BOAC's atound-fhe-world route. 

U. S. carriers, however, arc not ob- 
lecting spccificaliv to the opening of 
BOAC’s transpacific service but rather 
the proposed Tokyo stop. During the 
Board prehearing conference in the case 
last week, Northwest Airlines proposed 
that the foreign air carrier permit be 
granted but that flic Tokvo stop be 
temporarily "severed" from the ease 


ratlier than to einpluy |)rouiotional. 
ciit-r.ilc type fates to create new traffic. 

NatiuiiKl Airlines reported a net profit 
of S1.163.9-H for the three months 
ended Dec. 31 compared to a 5879,800 
net loss incurred during the same period 
in 1957- An increase in operating 
revenues from S9.9 iiiilliiin during the 
last three niimths of 1937 to S1S.6 
iiiilliiin for the same period in 1958 
is attributed to the 31 dav strike that 
hit National m the fall of 1957 and tlie 
strike that grounded Kasteni -\ir l.iues 
late last year. 

Tofa! assets of the company as of 
Dec. 31 reached 57-1.7 million as com- 
pared with 559.9 million in 1957. 'Hie 
sharp rise is reflected in the investment 
and special fimelv item on the companv 's 
balance sheet. This item climbed from 
S7.-1 million to 521.2 million as the 
result of the cxcliimge of -100.000 shares 
of cupital eommon stock with Pan 
.\nicrican at a value of 522.50 a share. 

Becaiise of the resulting improved 
current asset |)Osition and .1 strong 
ciureiit asset-curtent liiibilitv ratio, Na- 
tional is in an excellent position to 
move into its re-equipment program 
vvithoiil requiting further hotrovvings. 

The airline has dropped its cash 
dividend program so that it can plow 
earnings Isack into the purchase of 
equipment. Other cash resources are 
available tliroiigli depreciation and 
amortization which, during the six 
months ending Dec, 31, amounted to 
5-f.l million. 


for further study and eonsider.ition. 

In addition. Northwest asked that 
temporary traffic restrictions on the 
New York-Saii I'rancisco sector of the 
route be included in flic permit pend- 
ing a Board decision in the Qanta.v 
Empire Airways cabotage case (A\3’ 
May 19, p. 38), In this case, Qantas 
is seeking a legal interpretation as to 
vvliethcr it has the right to earrv traffic 
which is destined or originating outside 
the U. S- between points vv ithin tlie 
U.S. 

BO,\C has opposed both proposals. 
'I'lie airline is contending that it has 
the right to serve Tokvo because of an 
exchange of notes between the U. S. 
and British delegations following the 
review of the bilateral pact between 
the two countries in March. 1957, and 
that supplemental agreements are in- 
volved- 

U. S. carriers are holding that BOAC 

only through section -fB of the hilatcra! 
agreement which states, in effect, that 


either country may add intermediate 
stoi» to existing routes if the other 
country is so informed of flic action. 

However, both the U. S. and the 
khiited Kingdom have agreed in the 
p.ist that "intetmediate" point iniplk-v 
a "minor traffic" point. In this in- 
vtance, U. S. carriers arc charging that 
Tokyo, as the largest citv in the world, 
i.s hardly a "minor" stop. In addition, 
the carriers claim that, since Tokvo is 
1.300 mi, off BO.\C's direct Far 'hkist 
route, it is liardlv an "intennediate" 
point. 

The British government upheld these 
views ill .1 letter sent to the State De- 
portment on Jan. 22, 1957. by the 
civil air attache of the British F.mbassv 
here. Tlie letter served notice of 
BO-\C's intention of inaugurating the 
tr.inspacific service and, at the same 
hme. it reaffirnicd its interpretation of 

ate point is a “minor” traffic point. 

The British, however, can now be 
expected to introduce the Pan .American 
route between 'Tokyo and Hong Kong 
into the case, 'lliey will contend that 
this service was iiiavigurated in 19-17 
after notice vv-.is filed iiiidc: section -1C 
—not -IB— of the bilaterial agreement. 
Section -|C calls for the periodic ex- 
chavigc of information between the two 

nothing about additional stops. 

Two years after the Pan .Aiiieric.m 
senice began, the British did question 
Pan .American’s right to serve Hong 
Ki>ng but made no move to stop the 
sers-ice. N’orthvvcst .Airlines, which also 
is certificvited by the U. S. govctnnievif 
to serve Hong Kong, as is Pan Ameri- 
can, has never received British permis- 
sion to serve Hong Kong on a scheduled 

Cemjeefure tliroiighoiit the industrv 
is that the British governinent will con- 
tend that ’Tekvo should be granted 
BO.AC as a stop on a reciprocal basis 
since Pan American is already veniiig 
'Tokyo, a major traffic point on the lat- 

-As the case now stands. Northwest is 
the only intervenor in the proceedings. 
I-ist week the .Air Transport Assn, pe- 
titioned for leave to intervene. 

In its petition, the .A'T.A noted that 
the BOAC applic.ition filed with the 
Board On Nov. 8 was not served on the 
A'I'A or on any U. S. flag carrier. It 
added that on Nov. 9 the Bir.ird set the 
application down for hearings to begin 
Nov. 19 and tliaf notice to tliis effect 
was not published until Nov, II. 

Tliis procedure, the petition said, al- 
lowed only H days between the hear- 
ings and the announcement of the hear- 
ings, making it impossible for anv partv 
to intervene since sucli petitions to in- 
ten’cne must ]>e filed 1 5 davs prior to 
hearing. 


BOAC Far East Route Projrosal 
Draws Protest of U.S. Carriers 
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707 Drops Engine in Test Flight 


By Robert H. Cook 

AA'asliington— Pliasc-iii problems of 
the Boeing 707-120 mounted last week 
vvitli tlie iii-fiiglit loss of a right out- 
board engine from a Pan American 
W'orld Airways aircraft during a train- 
ing mission north of Paris. France. 

Loss of the engine came as the Civ il 
-Aeronautics Board pressed its tlirce- 
vvcck-old investigation of the 29.000 
ft. dive taken by another of tlic air- 
line's 707-1 20s on a Fch. 3 trunsatlantic 
flight (,A\\' Feb. 9, p- 39). Tentative 
dates of Mar. II and 12 have been set 
by C.AB for the taking of depositions 
from Pan American flight acvv mem- 
bers and maintenance personnel at 
Idlcwild .Airport in New York: Mat. 
26 for Boeing Aircraft inspection, test- 
ing and engineering teams in Seattle. 
Baird spokesmen indicate official find- 
ings determining tlie probable cause of 
the dive may Iw made released within 
the next six weeks. 

Investigation of the two incidciils 
also left Pan American with only four 
707s to cover its daily transatlantic sers- 
ice and provide aircraft under the leass- 
arningcnient with National Airlines be- 
tween New A'ork and Miami (sec p. 

31). 

Boeing released the aircraft involved 
in the dive after a suca-ssful test flight. 
Pan -American was scheduled to return 
it to service bv the end of last week. 
Substitute Aircraft 

Loss of the second jet from trans- 
atlantic service after the engine loss 
was compensated for the same day by 
Pan American bv placing a DC-7C and 
DC-6B on a parallel departure schedule 
from Paris. Recovery of its other jet 
from the manufacturer will allow the 
airline to cover its schedules for both 
the overseas flights and its jet lease 
arrangcinent with National Airlines on 
the New York-Miami route, said Pan 
.American- 

let training program for its pilots 
will be little affected since most of it 
has been conducted with layover time 
on European runs in London and Paris- 
Future jet training is expected to he 
conducted from Miami to utilize better 
weather conditions and layover time 
from National's jet schedules. 

Loss of the engine on Pan Ameri- 
can’s training flight took place while 
two of the airline’s captains were un- 
dergoing a check flight with a company 
check pilot, a flight engineer and a 
T'ederal Aviation Agcna safety advisot. 
Tlic crew included mstmetor pilot 
Capt. John W- Rvan; Captains John 
M. Mattis and Howard hL Cone; flight 
engineer Herbert C- Scilberger, and 


Hyram Broilcs. h.A.A representative m 

Company spokesmen say C.ipt. Ryan 
was demonstrating minimum control 
speeds at 8,000 ft. under the airline's 
prescribed training program when the 
707 stalled at an estimated speed of 
120 kt. and started into a right spin. 
The plane lost 2,000 ft. of altitude and 
the violence of the recovery maneuver 
tore the engine and pud mounting from 
the wing. 

Recovery to normal flight speed and 
altitude’ was made with no ditficiiity, 
and the aircraft was flown to London 
where more complete maintenance 
facilities arc available. 

Fell in Pasture 

F.-VA later reported that the engine 
was recovered in a pasture neat the 
village of Piimcis on the Brest penin- 
sula. Condition of the powerplant was 
not reported, but agency spokesmen 
expect their examination to settle any 
question of possible engine malfunc- 
tion. such as possible turbine seizure, 
or whetlier the accident resulled from 
an aitftanic deficiency. 

Althongli the investigation is in its 
early stages, with both C.AB and T'AA 
representatives in London and Paris, 
some F.AA obsenets feel there may be 
some doubts on repeating this type 
maneuver which subjects the aircraft 
to unusual, and possibly unnecessary, 
sttiictunil strains. I'inal results of a for- 
mal investigation could possibly recom- 
mend both a strengthening of airframe 
components and a change in airline jet 
training maneuvers, according to I’^.A 
officials. 

Boeing Aircraft Co. made no particu- 
lar comment on the .accident otlicr than 
that its field representatives in London 
arc working with Pan American on the 

Civil Aeronautics Board lias essenti- 
allv completed a technical examination 
of autopilot components suspected of 
causing the l''cb. 3 dive 500 mi. east 
of Gander, Newfoundland. 

Results of the examination arc still 
under study, and CAB also is searching 
for other operational clues to the acci- 
dent, possiblv recorded in the aircraft's 
LAS flight recorder manufactured by 
Lockheed .Aircraft Sen-icc. 

Seek Tracings 

.Although the recorder’s tape was 
reported to have run out prior to the 
sudden dive. Board investigators are 
havine Lockheed conduct a micro an.il- 
vsis of the instrument in the hopes of 
finding tracings on the component that 
will reveal the airaaft's exact altitude, 
attitude and flight maneuvers. 


One of the iiinisual aftermaths arising 
from investigation of the abrupt man- 
euver was the discovery by Pan .Aiiieri- 
eaii that its impounded jet was sigiiif- 
icantlv radioactive. Radiologists of the 
Department of Health, Education and 
Welfare were summoned by the airline 
after U. S. Customs agents in Ne-vv York 
reported that company mechanics re- 
turning from ail inspection of the air- 
craft ill Gander had picked up a radio 
active count in their work gloves. Gei- 
ger counter also picked up readings 
from the mecliauics' suitcases. 

Spokesmen for the goveminent de- 
partment said readings on the grounded 
Boeing were not "signifie.mtlv higher 
than allowable'' but were higher man 
found on the remainder of flie airline's 
jet fleet. Source of the contamination 
was not readily determined, but at least 
some of it was attributed to the jet's 
high altitude flying in a region nearer 
to cosmic r.ivs. Aliiminuin structure 
of the aircraft provides adequate pro- 
tection against this amount of tadiatioii. 

Transpacific Case 
Ordered Reopened 

Washington— White House, for the 
second time since 1956. has ordered 
Civil .-Aeronautics Baird to reopen the 
controversLil transpacific air route re- 
newal case to reconsider Pan .American 
World -Airwavs' bid to fly the North 
Pacific route. On all previous occasions, 
the White House has reversed C.AB 

C.AB originally recommended that 
Pan American fly from the U. S. to 
Tokv 0 via the central Pacific and North- 
west Orient Airlines from the U. S. to 
Tokvxs via the North Pacific, both on a 
temporarv basis. 

In the 1954 renewal case, Pan Ameri- 
can applied to serve the North Pacific 
route as well as the Central Pacific. Tliis 
was turned down bv the Board which 
stuck to its original tecoinnicndatimis. 
Init WTiitc House aiiproval was with- 
held and. in 1956. the .Administration 
ordered the case reopened. Again the 
C.AB's findings corresponded to its 
earlier rccomiiiendations- This time, 
the rccomnicndations were approved 
bv the WTiitc House, but one month 
later apjJroval was withdrawn. 

In requesting reopening of the case 
again, the President said: "I hclieie it 
is essential to foreign policy and admin- 
istration objectives that the entire 
Pacific tmitc complex be consideted as 
a whole bv the C/AJ3. .Accordingly, I am 
requesting the Board immediately to 
initiate ptocccdiiigs to consolidate all 
Pacific air route matters in a single Tcc- 
otd and give me its iccomniendations 
at the earliest possible date." 
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SHORTLINES 


AIRLINE OBSERVER 

► P:in Aiiicrk-.in W'orld Airways :md Amcticiin Airlines ate installing tlic 
comcntioiial three-point altimeter on their Boeing 707 jet transports in 
addition to the dnini-tspc altimeter already carried aboard the airctiift- 
Modification is tlie result of a I'cdcral Asiation .\|enc\' order following a 
request by Americitn for periitission to make the cTiangc, Karlier, Kasfem 
the Amcricin added the three-point altimeter to their Lockliced Klcetras in 
order to lift h'AA operating restrictions on the turboprops (AW' I'eb. 16, 
p. 36). 

►American Airlines gross passenger revcnitcs increased 4.7'Jf last veat over 
1957. but business fell 2,276 short of the carrier's established quota for the 
year. Air Iraxcl |>lan sale-s eliinbed 111^, military sales ineicascd 4.57f and 

► Ro.ssian air tr.nelers are complaining that Aeroflot has inangiirated ne«’ 
local routes without adequate preparation, h'ligiit.s often begin as soon as 
tununvs arc reach but tx.'forc communication svstems, weather stations 
and passenger f.icilities are completed. As a result, trip cancellations arc 
frequent, lewd factors dro]j as p,issengcrs turn hack to surface Iriinsportution 
and the line loses money. Aeroflot admits that poor patronage stemming 
from unreliable sercice lias forced the abandonment of several new mutes. 


► Boeing is now tolling a 707 hirlrojet transport off its Renton, 5''ash„ final 
assembly line every three and a half days. C^nlas Knqrirc .kirways' first long- 
range 707 was tolled off the line with the second Qantas 707 already moving 
into final assembly. American Airlines ] 2tb and I ith 707 are just behind the 
first Qantas aircraft. British Overseas .Airways Corp.'s first 707--120 powered 
by Rolls-Royce bypass engines is in No. 7 jxisition on the current assembly 
line and scbcdrilcd for delivery in November. 

► Loekhced Aircraft Serice has delivered a Boeing 707 fueling system 
training panel to .Ainciican Airlines for use in instructing maintenance and 
ground personnel in the fueling and defiieling systems of the turbojet trans- 
port. Panel is electrically o]x.Tatcd and reproduces the complete system as it 
appears on the aircraft. 

► Russia is preparing to place its twin-rotor Yak-24 lielico]>ter in commercial 
passenger service with an approved 50-seat cabin eonfigmation. h'lrst 
exhibited at the 1955 Tushiim Ait Show, the Yak-24 lias been thorougbly 
tested by Russia’s militarv services. 

► Pacific .Air Lines will place the first of its six 44-i5assengcr Fairchild l'-27 
turboprop transports into sets ice in May on the high-density routes between 
Portland, Los Angeles and Las Vegas, 

► Sealxsard and VVestem Airlines is installing a cargo Iiandicr as a regular 
crew metiibet on all daily transatlantic flights. Called loadmasters, the new 
crew memhets will be responsible tor sitpcrvising loading and unloading, 
stowing and tie-down of cargo and weight and balance ]>rocesscs- 

► Delta Air Lines is distributing throughout the companv a jet planning 
schedule that details monthly progress in procurement, receipt, processing 
and checkout of all facilities, tooling, equipment, spates and parts for its 
fleet of Doitgias DC-S turbojet ttans|X)its. Tlie 25-pagc schedule is revised 
constantly, records work accomplished and target dates for future plans. 

► Federal Aviation Agency will ©ixm a new dual airway system between 
Wasliington and Riclimond to ttasc the present traffic bottleneck on routes 
to the soiitli from Washington. New airways have been made possible bv 
reduetion in size ])lus the joint use of a restricted area over U. S. Navy 
Proving Ground at Dahlgrcn, Va., and joint use of restricted area over Anny 
Camp A. P. flill, Va. 


►.Alitalia will extend its routes on 
Mar. 4 to include Kitrachi and BouiIjjv 
with two services each week from Rome, 
ilie flights, to be operated with Doug- 
la.s DC-7C aircraft, will leave Rome 
Wednesdavs and Saturdays for the I'ar 
Fast cities-' 


► Coirtineiital Air Lines flew an esti- 
mated 46,100.(100 revenue jjassenger 
miles in January for a 44'% increase 
over Jamiaiv. 195S. .Airline also flew 

1.516.000 rdveimc airplane miles, an in- 
CKsise of 21% over the 1958 figure. 
During the intmih. Continental flew 

155.000 air freight ton-mile.s. up S%; 
K'O.OOO air mail ton-miles, up 15%; 

43.000 ait express ton-miles, down 7%. 

► I'lying Tiger Line rc|>oits that net in- 
come and special items tohaled 51,251.- 
574 for the six months ending Dec. 51, 
were equal to 51.19 per common share 
cm 1,055,284 outstanding common 
shares. Operating revenues for the first 
half of 1958 vvtte 518,925.864 and op- 
erating expenses of 516,377,196 pro- 
duced a net o|)crating income of 52,- 
548,668 before laxes. 

►Lakc Central Airlines’ 1958 net profit 
totaled 583.950 as opposed to a net 
loss of 5122.385 for 1957. Cross reve- 
nuevs for the yc-ar were 53,996.220, a 
15.S'% increase over 1957; operating 
expenses were 53,877.097, up 9.77f. 
Net operating |)rofit for the vear was 
5119,122, a 5199.852 boost over 1957 
when the carrier showed an operating 
loss of 580,950. Total revenue passen- 
ger miles flow n in 1958 were 29,064.000, 
up 15.5% over 1937. and available seat 
miles inerwsed 10.6% to 64.080,000- 
Over-all-passcnget load factor figure for 
1958 w-as 45.49? as eompared with 
43.5% in 1957- Lake Central also has 
purchased two additional Douglas DC-3 
aircraft from Braiiiff Airways at an un- 
disclosed price. 

► Lufthansa German Airlines is scliedul- 
ing its first transatlantic all cargo flights 
for Mar. 4 using the first of its iicvvlv 
acquired Lockheed Super-11 Constella- 
tion air-freighter aircraft, I'vvo round 
trip flights pet week between New York 
and I'rankfurt are planned. 

► Pakistan International Attlines has re- 
ceived the first of five N'ickers A'iscoiint 
815 aircraft on order and is flying tlie 
aircraft on Ihe carrier's Karacfii-Dcllii- 
Karachi route. 

►Sabena Belgian World Airlines tar- 
ried a total of 954,630 pirssengcts dur- 
ing 1958, a 39,1% incre.ase over 1957. 
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Timkon® steel puts 

muscle in missiles 


T he turbine wheel that powers 
many of our missiles has to be 
made from a very special kind of 
steel. A steel that can spin at fan- 
tastic speeds— in an inferno of red 
hot gasses — without flying apart 
like putty. 

Finding just the right steel was 
a tough problem. But the kind of 
problem Timken Company metal- 
luegists have been solving for 28 


years. And very similar to one they’d 
stvlved during World War II. 

One of the hurdles in designing 
America's first jet engine was to find 
a seed for the turbi ie wheel chat 
would cake the tremendous heat and 
stress. And that problem was solved 
when Timken Company metallur- 
gists developed a new kind of 
"super alloy’’ steel — 16-25-6. Now 
the question was; Would the steel 


thac got jets off the ground do the 
job for missiles.’ 

Missile makers tried it— and it 
worked! Now esne of the big prob- 
lems in missiles is solved— with the 
help of Timken' steel. 

Whatever your steel problem, 
Timken Company metallurgists 
hare a steel to solve it. And the skill 
CO solve it economically. Why not 
give them a call? The Timken 
Roller Bearing Company, Steel and 
Tube Division, Canton 6. Ohio. 
Cable address: "TlMROSCO". 



TIMKEPSTEEL 


The Timken Seller Bssrinj Company, Canlon 8, Ohio. Cable: ’TiMBOSCO". MAKERS OF TAPERED ROLLER BEARIN8S, FINE ALLOY 'STEELS AND REMOVABLE ROCK BITS 




FROM BLANKS TO BULKHEADS! 


The Diversey craftsmen above is machining the inner diameter 
of a Forward Bulkhead of the Hawk missile to a fine 63 microinch 
finish, Notice the precision curved template in the center of the 
picture with the follower at the right end transferring the contour 
to the interior of the bulkhead. Another good example of the 
famous air gage tracer lathe technique that has brought the 
missile hardware field to such an advanced state. 

Diversey starts with blank forgings. Using their remarkable 
ability to integrate hydrospinning and contour turning tech- 
niques Diversey craftsmen are able to produce the finest and 
most precise missile and rocket hardware components. 

At Diversey you have the LARGEST FACILITIES exclusively 
devoted to your missile hardware production. Your work is 
handled by precise, fast, and progressive technical people. 
Contact Diversey on your tough jobs. 


HYDROSPIh 
NOW AVAll 




LBADBRS IN CONTOUR MACHININC 

iyUfBfSBU ENGINEERING COMPANY 

■ I0S50 WEST AMOERSON PLACE 


FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS-WITH PRECISION BUILT IN 


Short Brothers Designs Britannic 
As Low Cost Strategic Freighter 


London— Low dc'tlopment costs, 
simplified spates and innintenancc tc- 
quirciiicnts and short flight and ground 
new training periods art cited by Short 
Brothers &■ llarland as advantages of 
tiic Britannic strategic freighter ordered 
for the Royal .Mr l-otce IA\\' I'eb. 16, 
p, rs). 

Using tlie same ning. tailplaiic, iiii- 
derearriage, flight deck and systems as 
tlic Bristol Britannia, but with a fuse- 
lage diameter nearly 50% larger, the 


freighter version vxili complement the 
Britannia 255 troop tiansport now going 
into .sen-ice with R.M-. 

l-'nselage of the Britannic has a di- 
ainctcr of 17.5 ft. and is 1’4 ft. pre- 
siding a clear freight hold 12 ft. square 
over a forward 65 ft. section, and a slop- 
ing rear section 1” ft. high, reducing 
to 10.5 ft. Both the aoss section .and 
soluiiic compare favorablv with the 
Douglas C-i24. Short savs.' 

•llie Britannic is based On the Britan- 


nia 510 series and cruises at the same 
speed of 560 niph. W ing is unchanged 
ssith the exception of a six-foot larger 
span to meet the increase in gross 
weight from 185.000 lb. to 195,000 lb. 

Maximum landing sveiglit of 165.000 
lb. is up 22%. but the undercarriage 
remains basicalls identical. 

Ilic fuselage is jiressutized to 8 psi.. 
and retains the same tail unit as the 
Britannia 510 but .idopts a ‘‘beaser" 
door lasout for in-flight dropping of 
large stores. The range with a 50,000 
Ih. payload is 5.500 mi. 

large radar trailers are listed among 
stores flic aircraft can carts. 

Normal accommodatisin of 1-10 
troops can be increased to 200 by fitting 
a quickly detacbablc second floor at 
flic forward end of the fuselage. 

Short Brothers hopes to exploit the 
low cost, long distance civil fieiglitiiig 
potenHal of the Britannic after 1965. 
.^s a passenger transport, the capacitv- 
pavload over still air distances up to 
2,600 mi. is 197 passengers. 

l•■l^ot of the main 60 ft, length of 
the freight compartment is flat and 
level- The rear 20 ft. tamp portion 
slopes and is used for loading as well 
as carrvmg freight. Tlic ramp is posi- 
tioned hydraulically. 

Smaller freight is loaded in a side 
door 7t ft. X 84 ft. at the fonvjrd end 
of the hold- 

lashing grid can take up to 10,1X10 
lb- point loads on the floor and 2,000 
lb. loads on the walls. Special load 
points arc provided for 25,000 and 
55,000 lb, loads. 

Morane-Saulnier 
Laying Off 600 

Paris— Morane-Sanlnier, unable to get 
hacking for new projects, is now under 
government onlors to close its prototype 
factnrv in the Paris area and lay off 600 

Companv ptohiblv will eonsolidatc 
its operations at Tarbes, in the sontli- 
vvest of France, where it is building its 
four-place NfS 760 twin-jet aircraft. 

French aircraft industry currently is 
undergoing considerable difficulties as 
old orders arc terminated and few new 
orders placed. Tire government re- 
portedly is working on a new (ivc-vear 

e in which will give the industry a 
Ucr idea of what is expected of it in 
the future. Industry observers arc sure 
tlic plan will require considerable con- 
solidation of present facilities, as well 
as liquidation of some companies. 

Morane-Sanlnier cuncntly has an 
order from the French Air F'orct for 
50 militarv versions of the MS 760. 
.\rgentinc government also is buying 
and building another -IS. llie com- 
panv also has sold about six of the civil 



ARTIST'S conception of Short Brothers & Harland Britannic Mark 5 tiirboproii strategic 
freighter shows relationship to Britannia 510 configuration. Fuselage, however, is 17 ft- 6 in, 
longer (AW Feb. 16, p. 55). Couipauy says Britannic can carry a maxirntitn payload of 
75,000 lb. at speed of 560 inph. for 1,400 mi. Aircraft, powered by lour Rolls-Royce 
Tvtre engines, has gross weight of 195.000 tb. 
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RAMJET weapon s>stcm with virtually unlimited range and a large payload which would use the nuclear reactor being developed by 

ccptrnn ot these descriptions is shown above. It would lately avoid grouiid-based detection bv flying low and awav from air defense 
systems which are ciirrcntlr cancentralcd along the few strategic attack routes which are possible with chemical fueled systems, Vehicle 
would probably be wingless for the shape shown has an adequate liftdrag ratio at the |)robable cruise speed range of Mach 2 to 4. 




Lack of Engineering Data Delays Nuclear 


By J. S. Butz, Jr. 

Washington— A nuclear ramjet can be 
built with today's knowledge and tech- 
nology. 

"It is just a matter of do you want 
it or not, ” according to Dr. 'nieodore 
Merkic of the Atomic Energy Commis- 
sion’s Livermore Laboratory who has 
technical direction of Project Pluto, the 
U. S. nuclear ramjet program. 

Present materials are adec|uate for use 
in all parts of a nuclear ramjet, and an 
operational supersonic \ehiclc can be 
constructed. 'I'his has been made cleat 
in congressional testimonv by Dr. 
Merkic and Air Force Col. Jack L’. Arm- 
strong. deputy chief of the Aircraft Re- 
actors Branch of AEC's Division of Re- 
actor Development. 

The U, S. nuclear ramjet program, 
howeser, apparently is involved in a 
dilentnia facing inanv U. S- develop- 
ment projects, which arc said to be 
completely feasible and w ithin tlie state- 
of-the-art by competent personnel who 
are working on them. 

The money needed to go bevond the 
theoretical and laboratory test stages 
and build large scale test vehicles is 
delayed because concrete engineering 
data is not at hand to absolutely prove 


feasibility. Most engineers agree that 
feasibility can never be conclusively 
proven until the problems revealed bv 
these large scale test vehicles are met 
and solved aiid^ that no arriount of 

cumvent the cost and time of engineer- 
ing development. 

Project Pluto is now in the midst of 
proving the feasibility of the nuclear 
ramjet. 

lory II is the first complete reactor 
that will be tested by Project Pluto. It 
is designed to prove, physics-wise, tliat 
a ramjet reactor can be built. Other 
reactors will follow Tory II to prove 
that the engineering of a full scale re- 
actor for a ramjet can be successfully 
constructed. 

The funding that has been avail- 
able to conclusivciv prove feasibility 
has been extremely modest bv am stand- 
ards which might be applied today 
for low cost development work. In 
1956. Curtiss-Wriglit and Atomics In- 
ternational tea-ived small AEG con- 
tracts to study the problems associated 
witli nuclear ramjets. In 1957. the 
amount of iiKincy was greativ increased, 
and S-f-6 million w-as made available 
for the program. 

By that time, the project had pro- 


gressed to the point wlicre more expen- 
sive work was needed, and it was impos- 
sible to keep two contractors busy on 
.separate approaches with the money 
av ailable. 'I'he bulk of Curtiss-Wright’s 
work was then tenninated. It was fi- 
nancially possible, however, to have 
more people at the Livcrniorc Labora- 
tory transferred to Project Pluto be- 
cause they could no longer be supported 
by Project Rover, the nuclear rocket 
program. 

AEC Request 

In 1958, the AEC requested SIO mil- 
lion in operating money for Project 
Pluto, but the request was cut in half 
by the Administration. An additional 
S2.5 million request for construction 
was allowed. 

The .^EC in 1959 requested only S5 
million in operating funds for the 
project because its level of activity 
ill 1958 had been such that it could 
not effectively use mom iminev. Con- 
struction appropriations in 1959 were, 
ns requested, S6.5 million. 

Additional money was appropriated 
by Congress in 1958 and 1959 at the 
request of Project Pluto officials- The 
largest supplement approved was S3 mil- 
lion in luscal 1959. 
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GENERAL layout of the miclcar niiijct vehicle was outlined in eoiigicssional testimony. An artist's conception of this anangenienl is 
shown above. Apparently the guidance system, thcmiomiclc-ar weapon, coolant, pomjis and other auxiliary equipment would be housed in 
the center body of the dilliiser, The reactor would replace the combush'on cliamber in the chemical fuel ramjet. Four movable surfaces 
on the aft end of the wingless body would provide control. Some tvpe of variable gcunictrv air intake and exit nozzle systeois would prob- 
ably be provided to allow rapid altitude changes and manenverin|. 


Ramjet 

Dr- W. Kenneth Davis, director of 
the AEC’s Reactor Development Divi- 
sion. gave an insight during congtes- 
sional hearings into the methods used 
to determine tlie amount of money the 
Administration will allow for AEC pro- 
grams. Dr. Davis said: 

“Under various instructions front the 


Bureau of the Budget and after reviews 
by the commission wc were, in effect, 
told tlrat we should keep this program 
(Project Pluto) at the same level in I'is- 
cal 1959 as it was in ’58," 

Dr. Davis also said that the budget 
for the entire commission was held to a 
specified level by the Administration 
with instructions that this figure would 
not be raised unless some compelling 
reason was proven for increasing it. He 
also indicated that the advice of the 


people in charge of each project was 
taken into account when the AEC di- 
vided the funds allowed it by the 
Budget Bureau. 

However. Dr. Davis added. “In this 
particular instance (Project Pluto), it is 
true that the amount of money which 
wc were finally able to put into this was 
not cqttal to wlijt the laboratories 
thought they could do.” 

AEC funds ate only part of those 
that arc being expended towards pro- 
ducing a workable nuclear ramjet vehi- 
cle. -Air I'orce is conducting programs 
to provide diffusers and nozzles that 
would be necessary to make a complete 
weapon sv.stcm iisin| tlic re-actor AEC 
is developing. All of the nuclear work, 
including the very critical effects of 
radiation and high temperature on in.i- 
tcrials, is covered by the AEC appropri- 
ations. 

Operational Vehicle 

Tlie operational vehicle tliat would 
result from this effort by Project Pluto 
and the Air h’orce has been described at 
length bv several military officers and 
project officials. Air h'ota’ Gen. Donald 
J. Kcini, cliief of the Aircraft Reactors 
Branch of AEC’s Re-actor Development 
Division, has discussed the nuclear ram- 
jet vehicle in the following terms: 

• It would have the highest payload to 
gross weiglit ratio of any intercontinen- 
tal strategic system, giving it a relatively 

39 



WINGED version of the nuclear ramjet might be desirable for certain mission requirements. 
However, at most Mach numbers liftdrag ratios on modified conical bodies such as this one 
are high enough to allow a large payload to be canied and provide adequate maneuvering 
capabili^. High maneuvering requirements around Maah 2 might necessitate wings but 
they would increase the cooling problem at higher speeds. 
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Vanguard II Satellite and Instrumentation 

lissance satellite (AW Feb. 23. p. 31) is assembled (left) at Astio-lnstiumccitatic 


Research and Deveir 


low cost for the amount of dcstructise 
power delivered. 

• Such a missile could penetrate at su- 
personic speeds for extreme ranges at 
iow Icscls. if desired, and. .since it would 
he aerods-namically controlled, it could 
change direction and dogleg. By using 
monitored inertial guidance techniques 
during all portions of a mission, excel- 
lent wcipon deliscry accuracies are pos- 

Col. Armstrong has identified it in 
congressional tesrimonv a.s an un- 
manned vehicle which would not ha\c 
sesere shielding problems. He also de- 
scribed it as has’ing unlimited range but 
qualified his statement by adding: 
"When 1 say unlimited range, obsi- 
ously I am not talking about it going 
on foteser or anything of the kind . . . 
only that it is rclatisclv weight insensi- 
tive. So this means that quite consider- 
able payloads can be canied." 

Dt. Nlctkle described the contamina- 
tion problem as being so small that the 
missile could be well dispersed, by trans- 
porting it around the country on a truck 
trailer, and launched from almost anv 
open space. Large boosters svould be 
used to take the missile to the speed for 
ts nuclear ramjet to take o\er- 

Guidance for the sehicle could be 
provided by any of scseral knonn sys- 
tems. Col. Armstrong has mentioned, 
among others, a combination of iner- 
tial and map-matching systems that 
would provide considcrablv mote ac- 
curacy in the intercontinental delisery 
of neapons than is possible with ballistic 
missiles. 

One obsious benefit of the nuclear 
ramjet’s ability to travel great distances 
at low altitude would be a low-level 
flight or-er an entire continent. Such a 


flight uould make ground-based detec- 
tion ss'stcms practically useless unless 
the missile passed alniost directly over- 
head. Only airborne detection svstems 
at great hciglit would be truU’ effective 
against such an attack. 

A possible configuration for this nu- 
clear ramjet missile was outlined to 
Ctjngrcss by Dr- Mcrkle. The reactor 
and necessary guidance and auxiliary 
equipment would be integrated into the 
ramjet to such an extent that the mis- 
sile could be called a flying powerplant 
Dr. Mcrkle said: 

"It is a very rugged machine. It is 
not flimsy at all. It is a kind of flying 
crowbar. . . . The reactor portion is . . . 
back here in the tail. Forward of the 
leactor is some coolant to keep the 
structure cool at this verv high Mach 
number. F'orward of that is the bomb 
compartment. F'orward of that is the 
guidance equipment and the like. The 
structure— that is the entire airframe— 
can be built using existing technology. 
No new research is rtquia'd there.” 

Sucli a missile probalily would cruise 
somewhere between Mach 2 and 4 de- 
pending on altitude. Aerodynamic in- 
vestigations conducted bv the former 
National Advisory Committee for Aero- 
nautics and other laboratories indicate 
that it is possible at these speeds to get 
acceptable lift-drag ratios using a wing- 
less conical shape resemb'ing a simple 
circular ramjet engine. Above Mach 3, 
the lift-drag ratios of such vehicles are 
approximately equal to those of the best 
winged configurations. 

At any rate, lift-drag ratios would not 
be as critical for a vehicle with virtuallv 
unlimited range as they are for chemi- 
cal fueled vehicles. Therefore, it is 
probable that the nuclear ramjet missile 


would not be complicated by using 
wings and dealing with the attendant 
cooling problems at high speed. 

I'ht atomic reactor required for such 
a missile varies considcrablv from the 
one requited by the nuclc-ar rocket 
vv'hicli is hav ing its feasibility proven by 
Project Rover at .AEC's Los Alamos 
Laboratory. The rocket reactor must 
operate at considerablv higher tempera- 
tures than the ramjet reactor, but it 
does not have to function for as long 

llic rocket reactor must exist in a 
reducing atmosphere, while the ramjet 
travels in the atmosphere, and its re- 
actor must withstand o.vidation. Con 
grcssional testimony concerning the ma- 
terials needed for this reaetor indicate 
th.it, while much improvement can be 
expected in the future, materials exist 
now that have the proper oxidation re- 
sistance, strength and fatigue proper- 
ties under the temperature and radia- 
tion levels that would exist in a super- 
sonic nuclear ramjet. It also has been 
indicated that a useful ramjet reactor 
will be much smaller than that required 
for a nuclear rocket which could lift 
10.000 lb. or more into orbit. 

'I'he reactor for the ramjet would 
resemble the one required for a direct 
cycle nuclear turbojet in manv respects 
such as length of operating time desired, 
type of oxidizing environment that it 
would exist in and type of control re- 
sponse requited. A primary difference 
between the two reactors is that the one 
for the direct cvcle nuclear turbojet 
would have a shaft running through its 
center to connect the turbine and the 
compressor. 

Control response required bv the ram- 
jet reactor would be exact, but it is be- 


FLIGHT 
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EXPANDING 
THE FRONTIERS 
OF SPACE 
TECHNOLOGY 



Transistorizing missile flight control systems by 
Lockheed scientists has meant significant 
reductions in weight and space requirements. 


Flight Controls offers one of the most 
challenging areas of work at Lockheed's 
Missiles and Space Division. 


From concept to operation, the Division 
is capable of performing each step in 
research, development, engineering and 
manufacture of complex systems. Rapid 
progress is being made in this field to 
advance the slate of the an in iniporiant 
missile and spacecraft projects under 
development at Lockheed. 


Flight controls programs include; analysis 
of flight data and sub-systems 
performance, design and packaging of 
flight control components, development 
of transistorized circuits, operation of 
specialized flight control test equipment, 
and fabrication of flight control 
prototypes. Other work deals with the 
design, development and testing of rate 
and free gyros; accelerometers; 
programmers; computer assemblies; 
guidance control systems; circuitry; and 
hydraulic systems and components. 

In the flight controls simulation 
laboratory, mathematical representations 
of elements in a control system are 
replaced one by one with actual hardware 
to determine acceptability of specific 
designs. From these studies, Lockheed 
obtains information which is used in 
further refinement and improvement of 
final control systems designs. 

Lockheed Missiles and Space Division is 
weapons systems manager for such major, 
long-term projects as the Navy Polaris 
IRBM; Discoverer Satellite; Army 
Kingfisher; Air Force Q-5 and X-7; and 
other important research and development 
programs. 

Scientists and engineers desiring 
rewarding work with a company whose 
programs reach far into the future are 
invited to write; Research and 
Development Staff, Dept, C-I7, 962 W, 
El Camino Real, Sunnyvale, California, or 
7701 Woodley Avenue, Van Nuys. 
California. For the convenience of those 
living io East or Midwest, offices are 
maintained it Suite 745, 405 Lexington 
Avenue, New York 17,N.Y.andal 
Suite 300, 840 N. Michigan Avenue, 
Chicago 11,111. 



"The organization that contributed most 
in the past year to the advancement of 
the art of missiles and astronautics." 


One of Lockheed's lest stands 
with dynamic thrust mourn to 


NATIONAL MISSILE INDUSTRY 
CONFERENCE AWARD 
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CABLE 
WIRE LEADS 


by HOWARD E. PENDEBCAST 



Mnllunciion of electrical and ciec- 
ti'onie equipment is a common field 
problem. Cable assemblies rank high 
on the list of causes. Reasons include: 
wire fatigue, insulation break-domi, 
faulty soldering of terminations, ex> 

■--- rigidity i 

out or poc- 

-hration, j 

nated heimetic s 
One solution lies In closer cooperatioT 
among the equipment manufacturer’: 
circuit designer, cable manufacturer 
connector supplier and whoever i; 
responsible for cable assembly . . 
before specifications are written. How 

ever, such m-’*’-’ 

delay design 
There's e betr 

cable assembly 

your circuit desi^er and a cable 
manufacturer qualified and equipped 
to accept complete responsibility. Rex 
Corporation volunteers for the job. 

Hoik wot, Id ue icorh lageilirr? You 
specify electrical, mechanical, dimen- 
sional, environmental requirements. 
From there on, the responsibility is 
ours. 'We select conductors, correct 
insulation, proper lay of sti'ands to 
achieve ideal balance of cable relia- 
bility, flexibility and cost. We specify 
whether conductor ends should be sil- 
ver ^l“®d or tinned. Wi ‘ 


. Reduce your 


achle 


engineer special cqnnec 


semblies in product! 


Jnresiigoje/ As a manufacturer of 
wire and cable for aviation and mili- 
tary applications since 1934, Rex 
Corporation is uniquely qualifi"'’ 
work with you. For technical i 
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lieved by Project Pluto personnel to be 
within the state of the att. Since the 
air passing through the ramjet iunctions 
as a coolant foi the leactoi as well as 
the medium for producing tlirust, the 
reactor must adjust its power level 
quickly as the vehicle changes altitude, 
and the density of the coolant gas 
changes. A controllable inlet and nozzle 
on the ramjet would greatly reduce the 
power change tequircinent placed on 
the reactor. 

'ITie present reactor development 
effort in Project Pluto is directed in 
three principal direclions-niaterials, 
nuclear pliysics and mechanical engi- 
neering. hiaterials improvement is de- 
scribed by Dc. Mcrlde as being the 
most important. 

A test area at Jackass Flats, .AEC’s 
Nevada Test Site, has been set aside 
for Project Pluto. This has been desig- 
nated “401 area,” and it is close proxim- 
ity to the "400 area" assigned Project 
Rover. The test facilities for Pluto 
have not yet reached the advanced stage 
of construction of those in the Rover 

\Vhile the Pluto installations will 
serve roughly the same purpose as those 
for Project Rover, it was decided that 
money could be saved in the long run 
if the facilities were kept separate. 

The Pluto installation dilfcts in lay- 
out somewhat from the Rover area 
which was shown in the Feb. 16 issue of 
Aviation Week (p. 49). A materials 
lest installation is located about two 
miles from the control building; a dis- 
assembly building is about two miles 
from the materials test facilitv and con- 
nected with it by a railroad line. After 
a test, remotely controlled locomoKve 
will move the test specimens and re- 


actor along the track to the disasscmblv 
building where an inspection of the 
radioactive equipment will be per- 
formed remotely from behind heavy 
shielding. 

A hot critical assembly building is 
located adjacent to the control build- 
ing. Nuclear physics experiments will 
take place there, primarily to detcmrinc 
if the criticality of a pile changes at ele- 
vated temperatures. At present, most 
knowledge of criticality has been gained 
at room temperatures or slightly above. 
To get the information needed for the 
nuciiar ramjet, an oven and blower 
system arc being built in the hot critical 
assembly building so that hut ait can 
be blown over pile. 

Measurements taken during these 
tests will show if there is a reactor con- 
trol reversal at high temperatures. 
While such a control reversal is not ex- 
pected, no information is available now 
to show exactly what to expect. 

This is siniifat to the situation exist- 
ing in the flight testing of a number of 
aircraft in the past when they experi- 
enced unexpected control reversals at 
various speeds and attitudes. It is pos- 
sible that at certain tempcralurcs tlie 
reactor control rods should be pulled 
out rather than pushed in to reduce 

'ITiis experimental pile in the criti- 
cality experiments does not become 
radioactive so tliat they can be per- 
formed close to the control building. 

WTiile construction in the Project 
Pluto "401 area" is not as advanced as 
that in the nuclear rocket area, the proj- 
ect itself is considered to be in a more 
advanced state, and most project offi- 
cials believe that a workable nuclear 
ramjet will precede the nuclear rocket. 
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Missile Prepackaging May Soften 
Navy Resistance to Liquid Fuel 

By Russell Hawkes variable thrust rocket engines and some 

ed aircraft but the 


Pasadena, Calif.— Piepackagi-d, stor- 
able tanks of liquid rocket propellants 
and a throttle-controlled rocket with 
thrust precisely variable from zero to 
maximum have been developed by 
Naval Ordtrance Test Station, China 
Lake, Calif. 

These developments mav soften Navv 
resistance to liquid propellants in mili- 
tary missiles, NOTS scientists are con- 
vinced they can be incorporated in 
weapon system development relatively 

Hie combination of storable liquid 
propellants and complete command con- 
trol of thrust offers important advan- 
tages. Storables offer the same qnick 
icadiness as solids. Specific impulse and 
mass ratio, wliich determine perform- 
ance, can be similar to those or rockets 
using familiar non-storable liquid pro- 
pellant combinations. 

Navv will not identifv the storable 
combinations it has used successfully, 
but the ones which NOTS experts call 
tlieir "workhorse" propellants arc hyper- 
golic. have been stored in alunrinuni 
containers for five years without de- 
terioration of tanks and dropped 40 ft. 
onto steel decks without serious damage. 
Navv claims factory-filled missile tanks 
of the workhorse propellants are highlv 
resistant to thermal shock and gunfire. 
Hazard Factor 

The .storables ate toxic and highlv 
corrosive to living tissue but NOTS 
studies indicate that these hazards arc 
more easily controlled than expected. 
Navy scientists say the proper criterion 
of storability is the boiling temperature 
of the propellant rather than corrosivity 
or the effect upon human beings for it 
determines internal pressures upon the 
tank. Also, if boiling point is exceeded 
it may affect the properties of the pro- 
pellant and its behavior during opera- 
tion of the rocket. Corrosion is con- 
sidered an easier problem because there 
is always some tank material to be 
found which is compatible with the 
propellant. Cryogenic (liquefied gas) 
oxidants are obviously eliminated by the 
high boiling point requirement. 

Storable propellant tanks must be 
designed to witlistand heavv handling 
but if propellant is pump-fed to the 
combustion chamber, unpressurized 
tanks can have aluminum walls as light 
as 0.1 in. thick. 

NOTS throttle-controlled rocket re- 
quires hypergolic fuels which may in- 
clude ozones and fluorine combinations 
as oxidants. Tlicre have been other 


aegree or rnrust regination is tigntiy 
limited because changing the propel- 
lant flow rate varies the pressure drop 
across the injector face. 

Some level of injector efficiency is 
necessary to the operation of the thrust 
chamber and since injector efficiency 
may vary sharply with the pressure drop, 
it is obvious that complete command 
control of thrust cannot be had merely 
by varving propellant flow rate. Solu- 
tion of this problem is the key to the 
NOTS development- NOTS scientists 
refuse to answer questions about it but 
it is apparent that injector geometry 
must be varied to keep pressure drop 
within an acceptable range throughout 
the complete range of propellant flow 


Washington— Navy programs for de- 
velopment of a guided-missile warhead 
for the Polaris fleet ballistic missile with 
more than twice the present yield and 
lightweight nucic-jt warheads that could 
be fired from guns or dropped from 
helicopters in anti-submarine warfare 
were outlined by Adm. Arleigh Burke, 
Chief of Naval Operations, to the 
Senate Foreign Relations Disarmament 
Svrbcommittee. 

Adm. Biirkc cautioned the subcom- 
mittee that an international ban on 
nuclear weapon testing would mean a 
freeze on these projects and prevent 
their ultimate development. 

Greater Yield, Less Weight 

"There ate great prospects of increas- 
ing the yield and decreasing the size of 
weapons," Adm- Burke told the sub- 
committee. "In Polaris vve have a satis- 
factorv warhead, but if the tests were to 
continue, we could probably get a war- 
head weighing the same amount which 
will have two or tlircc times the pres- 

"Also, vve would like to go into teal 
small weapons— depth charges that 
could be fired from a gun, for example. 
Some day wc will be able to achieve 
that if testing continues." 

Although improvement continues in 
missile propulsion and guidance, Adm. 
Burke said that this progress will not 


which lasted vO day s and aside from the 
time spent in conceiving the idea re- 
quired a little over four man-hours of 
labor. Heart of the hydraulicallv 
powered system is a truck brake master 
cylinder bought retail at an auto supply 
house. Something very similar to the 
cxperimenfal system could be delivered 
for about SSO. 

Command-controlled thrust makes it 
possible for a missile or space ship to 
achieve a verv precise burnout velocity 
without difficult preprograming of 
thrust termination tot it makes small 
corrections possible at end of burning. 

Entry to a moon Orbit requires that 
a burnout velocity of about 39,000 
fps. be reached with a tolerance of about 
4 fps. Command-controlled corrections 
would obviously improve the probabiUlv 
of a successful trip and would simplify' 
guidance equipment producing an im- 
provement in reliability. 

In a military missile the combina- 
tion of command control and storable 
liquid propellants can result in quicker 
readiness and in missiles with longer 
range or greater payload for the same 
external dimensions. 


compensate for a stand-still in warhead 
development, lire Navy, he said, is 
"on the tack now of making a signifi- 
cant improvement in the specific im- 
pulse of solid propellants, and we ex- 
pect to have ballistic missiles which will 
use all inertial guidance." 

Polaris Progress 

Adm. Burke’s report on Polaris mis- 
sile project was optimistic: 

• The first missile, he said "is sched- 
uled to be in full operation in the fall 
of 1960." AltUougli the programed 
build-up of three (Polaris submarines) 
a year is conservative, and the Navy 
would like to have it accelerated, he 
noted: "Each of these subs carries quite 
a few weapons, and it docs not take very 
many of those weapons to wipe out a 
considerable area, and each one of these 
subs will handle quite a few areas." 

• He estimated that the Soviet Union 
has conducted "considerable research" 
on ballistic missiles for submarines 
"based upon tlscii land research data 
on ballistic missiles." Russia “could" 
have ballistic missile submarines now, 
Adm. Burke said, "but 1 do not think 
thev have very many." 

• Polaris "in the next vear oi so can be 
put on surface ships," be said. As with 
submarines, Adm. Burke pointed out. 
the great advanhage is that the enemy 
would not know which ships have hal- 


Dcvclopmcnt of the thrust control 
svstem was a low cost NOTS program 

Navy Plans Development Program 
For Polaris High-Yield Warhead 
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listic missiles and «hicli have not. 

In addition to blocking des'elopment 
of small warheads for anti-submarine 
warfare, Adin. Burke said that a ban 
on nuclear tests also would present the 
Navy from developing iirgenth' needed 
data on lethal areas of atomie impact 
at sea. He explained: 

■‘We still need to know the range at 
which a significant jolt would be re- 
ceived. . . . W'c know the lethal range 
of an atomic weapon pretty well at 
various depths from our underwater 
tests. . . . But ne do not ha\e enough 
data on how fat our own ships should 


Ft. Mugu, Calif.— Pacific Missile 
Range headquarters here has opened a 
corridor in its resersed airspace offshore 
for part-time use of transpacific civil air 
traffic. 

At Pacific Missile Ranee suggestion, 
I'ederal Aviation Agency has gi\en the 
corridor a dual designation as a control 
area (C-1176) and a warning area (W- 
5r7). The range will tr\- to build 
its firing schedules around known air- 
line schedules and transpacific flights 
will be cleared through corridor be- 

'I'he area would be under the juris- 
diction of the Los Angeles Air Route 
Traffic Control Center which would 
designate it a Warning Area at Pacific 
Missile Range request. 

The idea of dual designated airspace 
is not new but this is the first time it 
has been applied. Military and airline 
men bclie'^e its wider use would do 
much to straighten out the present 
tortuous air route structure. The Pa- 
cific Missile Range dual designated area 
became effective Jan. 1. 

Former Policy 

For some time Pt. Mugu has been 
granting direct transit clearance to com- 
mercial carriers on request and denying 
clearance only when there was potential 
conflict with missile operations or when 
a clear fl^ht path could not be girar- 
anteed. Tnis has been continued and 
to date over 95% of all transit requests 
have been granted. 

An elaborate surscillance radar net- 
work is an essential part of planned 
Pacific Missile Range instrumentation. 
The range. Air Defense Command and 
Federal Asiation Agcncx' ate working 
out ways to fit this network into the 
national Air Route Traffic Control sys- 
tem and make nearb\' ARTC facilities 
as-ailable for special Pacific Missile 
Range missions. The range’s equip- 
ment is being sited with this end in 
mind and all surveillance data will be 


be away from the explosion in order 
not to get operational damage.” Rough 
data indicates range from explosion 
should be 2,000-3.000 yd., he said. 

A nuclear grenade device which 
could be fired from guns for anti-sub- 
marine warfare. Adm. Burke said, 
"would he a lot cheaper and easier” 
than the rocket kiunched depth charge 
which Navy now has in the design 
stage. "WTiat we are trying to do is 
develop a way to use our present gun 
platforms and fire control equipment 
without putting more expensive equip- 
ment in the ships." he commented. 


made available to Air Defense Com- 
mand, Los Angeles .ARTCC and any- 
one else who has a legitimate need for 

Data relay systems being installed ate 
designed so that other potential users 
will have access to the information as 
soon as correct receivers and display 
units ate installed. Pacific Missile Range 
has tried to make the system compatible 
with those planned by F.\A and .^i^ 
Defense Command. 

Navy missile-carrving fighters out of 
planned Nava! .Ait Station, Lemoote. 
Calif., will carry out firing practice in 
Pacific Missile Range. To get these air- 
aaft through the Monterey-Point Sur 
area and within the boundaries of the 
range’s precision control network, range 
controllers will have to relv on sur- 
veillance data from F.AA facilities to be 
installed at Paso Robles and Monterev. 
Federal Aviation Agenev and its pred- 
ecessor, Airways Modernization Board, 
have studied PMR-ARTCC coordina- 
tion plans and the use of dual desig- 
nated airspace with an eve to using 
the same methods elsewhere in the 
country. 

A problem as yet unsolved bv the 
range is the passage of unannounced 
civilian light aircraft through the 
range’s restricted areas. At NMC Pt. 
Mugu an average of three lightplanes 
a week pass through the traffic pattern 
which includes high performance jets 
and drones without warning. So far 
NOTAMs (notice to airman), letters 
to airoort managers and even' other 
formal and informal communication 
have failed to improve the situation- 
Adm. Jack Monroe, Pacific Missile 
Range commander, concedes the im- 
portance of the coast route to private 

E lots and is offering NMC control 
cilities to overflving aircraft, has ger- 
rymandered NMC restricted area (R- 
100) to fit prominent landmarks and 
has placed a 3,000 ft. ceiling over 
militan' aircraft in the area, 


NASA Contracts 

Washington— Following is a contract- 
by-contract breakdown of National 
Aeronautics and Space Administration 
research and development contracts of 
over 550,000 let from the organization 
of NASA on Oct. 1, 195S, through Jan. 
31, 1959. First dollar figure given repre- 
sents 1959 obligations, flic second figure 
represents the total estimated dollar 
value of the contract, which in some 
cases will extend over several years. 


NASA Headquarters 



Offshore Civil Aircraft Corridor 
Opened by Pacific Missile Range 
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WHAT 

DOES IT TAKE 
TO BUILD MISSILE 
SYSTEMS? 


I T TAKES all of the dynamic resources, tech- 
nology and skilled man power of the en- 
tire defense complex — the best of the military, 
government and industry. 

The staggering sum of $3.3 billion was 
spent on missiles alone in 1958 and this level 
will continue, probably increase in the future. 

How does a large diversified manufacturer 
participate in this highly sophisticated field, 


earn acceptance as a qualified defense con- 
tractor? How does one then integrate the 
work with normal business operations so that 
gains continue in company growth, in em- 
ployment and in earnings? 

Here, Minneapolis-Honeywell demonstrates 
the corporate weight it places against the big- 
gest, most complex, and certainly the most 
expensive undertaking by our government in 
peacetime history. 


WHAT DOES IT TAKE TO 


HONEYWELL MANUFACTURING AND RESEARCH FACILITIES IN THE UNITED STATES, CANADA AND OVERSEAS 


It 

Takes 

Corporate 

Strength 

Honeywell Growth— Honeywell has a history of growth. 
In the past ten years sales have increased from $57.6 
million in 1948 to $328 million in 1958. Employment has 
increased from 8600 to 32,000 in the same period while 
net earnings have increased from $5.9 million to $22.6 
million. 

Strength from Profits— A vital factor in Honeywell’s growth 
has been its consistently profitable operations coupled 
with conservative financial policies. This has enabled the 
company to plow back earnings ($66 million in the past 
ten years); readily obtain adequate financing. 

Diversification— Honeywell is a diversified company. It 
manufactures 12,000 different products and sells to al- 
most every industry. Yet the company is specialized in 
that it has chosen to stay within the general field of auto- 
matic control including the associated areas of instrumen- 
tation and data processing. Almost aU of our products 
are of a precise, complex type with a high degree of en- 
gineering content— over half are electronic. With this 
product line it is not surprising that Honeywell, as the 
leading control manufacturer, should participate in a 
sizable way in the more complex component and systems 
aspects of defense work. 


HONcrWELl FACILITIES. The 38 plants combined in the illustra- 
tion at right show Honeywell's manufacturing, engineering 
and research facilities brought together in one community. 
Not shown are the company's warchousee, smaller manu- 
facturing plants, and 166 sales and aeivice offices throughout 
the world, 





26. Philadelplili, Rubicon Building 
Industrial instninents, controls. 

27. Philadelphia. Fort Wasbington 
Plant ' Industrial ccntiol valves. 
23 Philadelphia. Luzerne Plant 
Industrial Instruments, controls. 

29. Philadelphia, Main Plant 
Industrial instruments, controls. 

30. Toionlo, Ontario, Ho 
Controls Limited - Com 
Honeywell products in 


32. Wabash, Indiana, Bond Stieet 


34. Boston, Charles River Plant - Aero- 
nautical, missile systems, components. 

35. Boston, DATAmatic Corporation 
llectionic date-processioi equipment 
3$. St. Pelershufj, Florida, 


ile systems and 


37. Beltsville, Maryland, Davies 
Laboratories ' Hlyh-speed 
dala-recotdin{ systems. 

33 Manchester, New HampshiiB, 
Marion electrical instruments. 




It 

Takes 

Organization 


H eaded by a Group Vice President, the Military 
Products Group combines the experience and fa- 
cilities of four of the company’s divisions grouped to 
serve the military market with more effectiveness. These 
divisions are represented to the military by a single in- 
tegrated sales force. The group is able at any time to 
draw on the Corporate Research Center and on other 
Honeywell divisions. 

Integrafed Divisions— The four major divisions incor- 
porated into the Honeywell Military Products Group 
produce in excess of $100,000,000, or 30''; of the Com- 
pany sales. Their typical areas of activity are: 

AERONAUTICAL DIVISION-IcKdi^d in Minn^apolit, Minn»olar 

Missile systems and components including inertial guid- 
ance systems, missile stabilization systems and com- 
ponents, advanced flight control systems and ground 
support equipment, bombing systems, electronic fuel 
measurement systems, engine control and instrumenta- 
tion systems, precision gyros and other components. 

BOSTON DIVISION-located in Boston, Mo»ochusetts. 

Missile systems and components including gyros, ac- 
celerometers, synchros, proximity switches, servos, de- 


modulators, instrumentation and telemetering equip- 
ment, amplifiers and other equipment for precision 
measurement and control. 

MISSILE EQUIPMENT DIVISION-located in PolUtown.Pennsylvonio. 
Ground support equipment for high pressure gas sys- 
tems, cryogenic systems, programming equipment and 
simulators for functional checking of ground support 
systems. 

ORDNANCE DIVISION-located in Minneapolis, Minnesoto; 

Los Angeles, California end Seattle, Washington. 

Missile systems and components including fuzes, safety 
and arming mechanisms, munitions, warheads, under- 
water ordnance and sonar systems, ground support 
equipment, fire control systems, infrared systems, com- 
munications equipment, and cryptographic equipment. 
Capability in Depth — Today, Honeywell’s Military Prod- 
ucts Group includes a combined force in excess of 9,000 
people— over 1,000 of whom are graduate engineers. Its 
engineering and production areas exceed one million 
square feet, with 15 factories and facilities in seven 
cities. The combined experience and resources repre- 
sented in this group make it one of the largest sources 
in the country for research, engineering and production 
capabilities for precision military electronics. 





It 

Takes 

Experience 


A DEPTH of experience along broad lines is available 
from the Military Products Group which presently 
has complete weapons system responsibility for several 
missile projects— two of which are an antisubmarine 
missile and an air-to-surface missile— with extensive ex- 
perience in all phases of the programs, from research 
and development to final user tests. 

Missile and Space Sysiems— With a notable background 
in missile and space systems management, as well as in 
system and component design, development and pro- 
duction, and testing, Honeywell has the capabilities, 
experience, personnel and facilities necessary for work 
with all phases of prime missile and space systems. 
ANTfSUBMARINE. The Ordnance Division has been under contract 



BUILD MISSILE SYSTEMS? 




tary Products Group has been active in the design, de- 
velopment, production and testing of various sub-sys- 
tems and components for a wide range of missiles 
which includes: Falcon, Little John, Sergeant, Thor, 
LaCrosse, Honest John, Corporal, Redstone, and 
Sidewinder, plus Atlas, Titan and Polaris, still under 
development. 

Fields in which the Group has distinguished itself 
are— Inertial Guidance Systems and components, in- 
cluding the gyro reference systems for Titan and 
Vanguard — Advanced Flight Control Systems, where 
we are the largest manufacturer — Instruments, in- 
cluding fuel measurement systems for all of America’s 
jet transports— Fuzing and Arming Systems for many 
of our operational missiles — Warhead systems for 
such missiles as Honest John and Little . John— and 
others: Safety and Position Guarantee Systems — 
Test and Checkout equipment— Thermal Batteries 
and Power Supplies— Trainable Launchers — Ground 
Handling Equipment — Ground Support Equipment 
— Atomic Warhead Adaption Kits— Airframes — Tel- 
emetry — Transistors— Infrared Systems — Instru- 
mentation — Computors- Sonar. 

Much of the work in these fields has been directed 
toward research and development of better equip- 
ment to meet ever-changing missile parameters. The 
attitude of restlessness in research that grew with the 
Honeywell corporation is thoroughly instilled in the 
divisions of the Military Products Group, and this is 
one of the reasons why Honeywell has so rapidly 
forged to the front in space and guided missile work. 

Specialized Techniques — In the extensive work done 
by the Military Products Group in ail phases of 
missiles, special techniques had to be developed for 
nearly every segment of the various programs. In 
response to these special requirements, Honeywell 
engineers and technicians have mastered the neces- 



P ROVEN past performance backs up Honeywell’s 
progress in the new fields of missiles and space. 
The Aero Division has produced 45,000 autopilots, 
128,000 engine turbo-regulator controls and 293,000 
gyros. Honeywell designed and manufactured the 
first practical electronic fuel measurement system 
and is now the major supplier. In addition, the com- 
pany produced the first flight control system designed 
for supersonic aircraft, and years ago mastered tech- 
niques necessary for mass-producing a complete line 
of hermetic integrating gyroscopes which are the 
most accurate in the world. Honeywell not only 
makes the smallest floated gyro, but also the smallest 
conventional gyro, the Golden Gnat, which weighs 
only three ounces. 



It 

Takes 

People 

Honeywell has a vast store of engineering 
"know-how” among its more than 31,000 
employees. One out of every ten employees is 
actively engaged in either research or engineering 
work. The list of specialties is impressive, 
covering almost every field of Technology 
and Science. 

In organising a research, development and 
production program for a missile system, a 
Military Products Group task force is formed 
with direct line responsibility for completion of 
the particular project. This force is formed of 
key technical and administrative personnel 
drawn from all four divisions. Yet it is significant 
that tlie personnel and resources of any one 
division comprises only a part of the pool of 
experienced manpower that makes up the whole 
of Honeywell. 

Honeywell, through its Military Products 
Group, has accepted a commitment to long-range 
service in the defense effort. In rendering this 
.service. Honeywell is well prepared to call upon 
its resources in order to produce more effectively 
both for the military, and our growing 
commercial business. 

Detailed information on any phase of the 
Military Products Group’s activities can be 
obtained by writing; Military Products Group, 
Minneapolis-Honeywel! Regulator Co., 
Minneapolis 8. Minn. 



Honeywell 













The Jet Age's first strategic/taclical transport, the 
new Lockheed C-130B Hercules, is the only U. S. 
Air Force plane designed specifically to airlift battle- 
ready troops, equipment, and supplies from the U. S. 
to any area on earth in 36 hours or less— then para- 
drop them into battle zones or land with them on short, 
rough fields, sand, snow or ice. 

The C-130B Hercules is a huskier, more power- 
ful, longer range version of the C-130A HERCULES— 
which in two years of world-wide service with the Air 
Force has become the unchallenged Champion of the 
U. S. Strategic Airlift, 

Now coming off production lines at Lockheed’s 
Georgia Division, the new C-130B Hercules will 
soon enter service with the U. S. Air Force’s Tactical 
Air Command. 


londing on frozen lake, “Ski-130" (weighing 62 tons 
gross) stops in 1200 feet. Taking off from same lake, this 
ski-fitted Airlift Champion was airborne in 2100 feet. 


The C-130 HERCULES transports 92 battle-ready troops, or 64 fuily-equipped paratroops 
— and holds the world record for the heaviest parachute-extracted drop: 30,370 pounds. 


Chollenging opportunities available today for aircrafl and nuclear 
engineers and scientists. (Vriie: Professional Employment, 834 West 
Peachtree Street, N. W., Atlanta 8, Georgia. 


Lockheed’s Hercules takes U.S. based troops 

Any place on Earth in 1 V 2 days 
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U.S. Planning Nationwide Weather Radar 


By James A. Fuses 

Radar has found a new and impiirtant 
use in the rapidly growing held of radar 
melcotologs. ITie technique is consid- 
ered sufficiently promising for aiding 
faster and more accurate weather fore- 
casting so tliat Air Force and Weather 
Bureau scientists are planning tlic instal- 
lation of a nationwide nehvoik of 
weather radars and automatic data proc- 
essing equipment to produce "iiisfant” 
weather maps cot cred tlic entire U- S. 
'Ihe system is expected to be in opera- 
tion within the next 10 years. 

Radar's Volue 

The value of radar in weather fore- 
casting is that it provides a three di- 
mensional tiew of tire atmosphere in 
detecting severe stonns, precipitation 
and related weather events. Bv assem- 
bling composite information from a 
mimber of radars, large scale weather 
plienomcna such as warm fronts can be 
viewed and tlieir nrotements accsiiatelv 
followed. 

Radar weather observation will not 
make obsolete more con\’cntional me- 
teorological instruments such as the 
radiosonde, barometer, and anenometer. 
but will supplement them in prepara- 


tion of forecasts. One important use 
with both civil and military application 
is the extremely rapid presentation of 
storm areas for touting of higli speed jet 


Joint Project 

To assist the modernization program 
designed to integrate existing and pro- 
posed weather facilities, a tlirce agency 
agreement has boon reached hebveeft 
the Departmnt of Commerce, for the 
Weather Bureau. Department of De- 
fense, for tlic Air Force, and the Federal 
Aviation .Agency that will aeate both 
a national and a global weather svstem. 

I'he program will be under Air Force 
direction and is designated bv the Air 
I'opce as the W'S 4?3-L weather svstem. 
Air Force part of tl.e system wili inte- 
grate with Its W'S 460-L weather recon- 
naissance aircraft system and WS 480-L 
global communications svstem. Bids: for 
tlie AVS 414-L system will be requested 
witliin tlie next two months, and the 
contract totals by the time the svstem 
is completed ma\- reach $500 million. 

Plan for the WS 455-L svstem was 
cs’olved by scientists at the Air Force 
Cambridge Research Center to modern- 
ize and expand present methods of han- 


dling weather information to meet 
demands by [et aircraft and missiles 
that require weather data processed far 
more rapidly than can be done at pres- 
ent. Additionally, the number of 
weather obsersations tliat must he proc- 
essed is increasing at a rapid rate. 

One of the early phases of the W'S 
433-L program will consist of setting 
lip a test nchs’ork of nine stations ex- 
tending from Boston. Mass., to Norfolk, 
Va. These stations, located at -Air 
Force, Navy, and civilian airbases and 
airports, will pror ide an East Coast test 
sector where equipment and techniques 
will be checketi in operation as thev ate 
developed- 

Obsenations from all nine stations 
will be sent to a "weather central" 
where synoptic (large area) weather 
charts will be prepared at inters'als as 
short as an hour apart- This weather 
central will be the forerunner of a na- 
tional weather central that will func- 
tion with the completed national 

System Development 

Radar meteorolo^- as a held of scien- 
tific study is comparatively young, dat- 
ing back to World War II when micro- 
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ware radars first detected echoes from 
precipitating clouds. Since then, a wide 
r-urietv of atmospheric phenomena has 
been identified on radar displays: tor- 
nadoes, echoes from lightning strikes, 
hail. snow, and freezing rain. 

Phenomenon of Echoes 

Mote recently, the interesting phe- 
nomenon of echoes received from clear 
air has been identified and studied. 
Sonic of these eelioes appear to be pro- 
duced bv masses of birds and insects, 
but tlie majority are bclicred to be as- 
sociated with strong temperature or wu- 
tcr vapor gradients occurring at wind 
shift lines, drv fronts, and thetmais. 

At present,’ radar weather stations of 
the WeathCT Bureau, .Air Force and 
Navi' are used primarily for local opera- 
tions and forecasts. Hourly reports ate 
sent by teletype to other regional sta- 
tions. but no proiisions exist at this 
time for assembling and plotting simul- 
taneous obsenalions from widely spaced 
stations. 

Complete radar coverage of the U. S. 
—except for some western mountain 
areas not considered essential-will re- 
quire an estimated 100 stations. .As a 
beginning, the Air Force is presently 


completing installation of 2S AN' 
CPS-9 weather radars, and the Weather 
Bureau has procured about 30 WSR-57 
weotlier radars selieduled for delivery in 
1959-60. .About fiie simitar radars will 
be delivered to the Nai'y. 

Practicalli all pliascs of radar meteor- 
ology arc under study at present; much 
of this work cither i.s sponsored by or 
conducted h\ the .Air Force. Scientists 
of the Gcophixics Research Directorate, 
.Air Force Cambridge Researcli Center, 
irasc concentrated on problems of 
cloud phvsics, using radar obsenalions 
to explore the manner in which precipi- 

Part of this work has included a broad 
study of ideutific.ilion of severe storms. 
One' result of this studi has been tlic 
discovery that radar reflcctisity of a 
storm at about the 20,000 ft, level pre- 
sides an excellent indicator of tlie 

Additional Studies 

Otlier studs programs include: 

• MIT Radiation Laboratory. Scientists 
at tills laboratory have looked into the 
possible producers of radar echoes in 
dear air. One possible source they ex- 
amined svas that produced bv strong 
local clianges of dielectric gradient. A 
theors ssas worked out to indicate liosv 
strong the gradient svould hasc to be 


for a gis'cn wusclciigth. Basic research 
also has been conducted on the struc- 
tiite and characteristics of storms- 

# McGill University. W'ork here has 
included both lasic research on stornr 
characteristics and dcsclopmciit of ss’hat 
is called a constant altitude plan-posi- 
tion indie-.itor display. In this presenb- 
tion, the radar scans at different cles'a- 
tion angles and sections of the scans are 
assembled to show, for example, condi- 
tums between 9.S100 and 11.000 ft. or 
at the 10,000 ft. layer. To do this, radar 
data must be stored for two to three 
minutes before Isciiig assembled in a 
single dispkis' so the studs includes in- 
scstigation of storage techniques suti; 

• Stanford Research Institute. Research 
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AMPEX: 
turning point 
for tape 


Magnetic recording has reached 
the point where a better tape, by 
itself, can significantly improve 
the performance of your equip- 
ment. Anticipating this, Ampex 
has developed its Instrumenta- 
tion Tape to assure the highest 
capability that the state of the 

• Precision tape reliability comes 
principally from the properties 
of its coating. And Ampex com- 

I ful coating techniques with the 
exclusive Ferro-Sheen process to 
produce the smoothest, most co- 
hesive, most uniform of precision 
tapes. The result is measurably 
higher signal-to-noise ratios, and 
much less tape wear. 

This, with its squared-up hyster- 
esis curve, makes Ampex Instru- 
mentation Tape ideal for all re- 
cording systems: direct, FM-car- 
rier, PDM, and NRZ-digital. 
Ampex Instmmentation Tape is 
available on hubs. NAB-type or 
die<ast magnesium • alloy Preci- 
sion Reels. Widths of >4’'. 
and 1 " are standard on either 
Mylar* or acetate base, in the fol- 
lowing lengths, reel diameters, 
and base thicknesses: 


tJilPEi SUHOtiD TIFE LESCIIIS (tilt) 



For complete epecifiealiont or 
addiiitmal tape literature, lortfe 


AMPEX 

MAGNETIC TAPE 


lictc IS antcrcd about tlic uses ui com- 
posite radar pictures. Working with a 
complete film file, tills work uill aim to 
des'clop tccliniqucs for analysis of com- 
posife pictures, and suggesting ways in 
wliich the composites can be cun- 
structed by macliincs or computers. 

• Texas A & M. One of tlic projects 
underway is a studs of storage and read- 
out of radar information. A second is 
concerned with identification of seseie 
storms by radar. One of the approaches 
being tried in storage and readout is 
presentation of a single radar I’PI pic- 
ture on a telei’ision type display so that 
it can be viewed continuously in briglit 
liglit. .An elabonition of this system em- 
ploys color television, so that radar pic- 
tures about 30 min. apart arc painted 
with different color guns-thereby pre- 
senting a display that indicates both 

• Others. Two specialized but intensive 
ueathcr radar studies in progress are at 
tlic University of Miami, exploring liur- 
Hcane detection, and the Illinois State 
Water SuiTCV, measuring rainfall and 
ofliet hydro-logic applications. 
Composite Weother Maps 

As part of the development of radar 
nieteorolog)’, researchers haie assembled 
composite radarscope pictures sliowing 
weather echoes over hundreds of thou- 
sands of square miles. These composite 
photographs are assembled from dozens 


of simultancoush exposed pictures of 
radar plan position indicators sliowing 
storm conditions over large areas of tlic 
U. S. As a result, meteorologists liavc 
found that conventional synoptic 
weather analysis often fails to pio'ide an 
accurate and comprehensive picture of 
tlic weather. Conventional sjaioptic 
maps ate prepared on a natioiiMide 
basis every six liouts. Local stations pre- 
pare their own analysis every three 

Radar displays, liowevet, arc continu- 
ous and provide tlie forecaster with 
much of the infonnation of maximum 
interest: time of formation and location 
of severe stonns, storm velocity, storm 
liciglit, and liolence of conditions 
within the storm. These first studies ol 
composite radar weather maps have in- 
dicated the s-aluc of the technique and 
encourage the proposal for a national 
weather radar network. 

A major problem is the storage of 
data from a nationwide network occause 
it must be acquired simultaneously 
across the country. It is not feasible foi 
all stations to transmit their information 
to tlic weather central simultaneously 
mote prohablv it will be sent sequen- 
tially. Another problem is bandwidth— 
the maximum amount of information 
must be tran.sniitted in the shortest 
possible time. 

There is much information in a radar 
picture that there would not be time to 
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send. .A quality picture would take se\’- 
ctal minutes to traiiMiiit. but the num- 
ber of stations dictates that the dat.i 
must be transmitted in a fe«' seconds. 

Other problems ate: 

• Data recovery. The information must 
be reemered as it arrises at the weather 
central, and must be stored for immedi- 

t Printout fo^rlll.""’hc manner and form 
ill which the printout will be made so 
that the data can be analraed readily 
either bv humans or computers must be 
catefulls studied. 

• Retiansniittal. Once the data has 
been collected and analyzed .at one cen- 
tral point, the information must he 
retransmitted to local area forecasters in 
a form that will be nio.st useful to tlicm 
for their won analysis. Tliis must be 
clone at rci.aliiclv high speeds. 

One manner in which radar weather 
maps may be transmitted is in the form 
of halftone pictures, where a scale of 
different sized dora might indicate in- 
formation or they may be in analog or 
ssmbolic fomr ivliere different ssmbols 
will indicate different positions, licighls 
and characteristics of the storms. 

Because radar ohsorsations cssentiallv 
are contiouoiis. tlicv will be able to de- 
tect stonns as the storms des elop. This 
is important because storms can deselop 
sers' rapidly, forming lines over one 
hundred miles lone in less than 30 min. 
'nicrefore. the radar gives a mote ac- 
curate account of wlicre the storm has 
developed, its e.\tcnt, and how fast it is 
moling. 


FAA Ordei’vS Radar 
Landing Systems 

Washington— Gilfillaii Brothers Inc., 
Los Angeles, has been selected bi I'cd- 
cral Aviation .Agency to provide a new 
ti'pc ground-based radar system for ex- 
perimentation in .sciniautoinatic and 
Jully automatic landings. The system, 
schexiuled for delivery late this year, will 
be installed at National .Aiiation Ka- 
cilities Experimental Center (N'.AKEC) 
in Atlantic Citv. N. J. 

The Gilfillan sistcni, whose dcielop- 
mciit was originally sponsored In .Air 
Force, offers .scieral attracriic features: 

• Flexible glide slope; Unlike ILS, the 
new Gilfillan sistem pros ides essen- 
tially an infinite number of different 
possible approach angles, making it suit- 
able for handling a wide variety of air- 
craft types including helicopters. 

• Dircrt cockpit data: Lightweight unit 
in the airplane can proiidc the pilot 
with direct indication of his azimuth 
and olei’ation position as well as dis- 
tance from the runway. 

• Automatic flight control; Cockpit de- 
riicd signals can be fed into autopilot 
to proiide automatic approach and pos- 
sibly landing, if desired. 

Under the S381.-H6 contract award 
bv F.AA's Bureau of Resc-arcli and De- 
lelopnicnt, Gilfillan svill suppK experi- 
mental equipment providing onlv ele- 
vation position and distance. Equip- 
ment will be used to eiahuitc feasibility 
of the Gilfillan appnxich. 
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AERONAUTICAL ENGINEERING 



DOUGLAS RB-66A flying testb«d touches down at Wasliington. D. C„ after 3 hr. 36 min. nonstop flight from Ontario. Calif., using Gen- 
eral Electric C|805-3 turbojet powerplants. Aerial refueling was not necessary on the 2,295 mi. trip; airspeed averaged 670 mph. 
1'akcofi weight was 70.000 lb., including 30.000 lb. of fuel. Powerplants are identical to those used on Convair S80 jet trarrsports, 
with exception of sound suppreaor and tlmist teversets. Pilots were H. J. Scolcs, General Electric’s chief test pilot, and L, W, 
Davis, B.66 project test pilot 


CJ805-3 Has Rapid Acceleration Rate 


By Richard Sweeney 

Edwards AFB-General Electric 
CJ805-3 turbojet eirgines, which power 
the Convair 880 jet tr.msuort. effectively 
demonstrated their qualities in Avia- 
iiON W'eei: flight evaluation here, in- 
stalled in the Douglas RB-60A which 
they cecentlv propelled from Ontario, 
Calif., to Washington. D. C.. in 3 hr. 
36 niin. (AW J.in, 26, p. 47). 

Characteristics of the civil counter- 
part of the militarv f79, as noted by 
AvtATiON Week pilot while flying the 
Dotiglas airframe testbed, were high- 
lighted by: 

• Acceleration from idle to full power 
at rates which place this engine in the 
same response citegory a.s a piston en- 
gine-propeller or the Allison 501D-13 
power mckages. Response rate is sub- 
staiitiallv faster than other turbojets 
tills pilot has flown in various military 
and commercial jet aircraft. 

• Simple and reliable air start which, 
in addition to satisfactorv performance 
within the normal air start envelope, 
worked satisfactorilv at several points 
well outside the normal envelope. 

• Fuel economy which, although flows 
vvx'te read from uncalibrated gages, ap- 
peared sufficiently better than other 
turbojets of the same class. 

In trving to get an accurate perspec- 


tive of engine perfonnance and relate 
it properly to other powerplants, a num- 
ber or elementary factors were consid- 
ered vvliich are re-emphasized here due 
to the margins of difference which were 
observed in flight evaluation, between 
CJ805-3 and other 10,000 lb. thrust 

class jet cnginM. 

Turbojets arc not supposed to have 
the same propulsive efficiency at low 
speeds and altitudes as propellers 
(driven by reciprocating or turbine 
engines). 

Thrust/Weighf Ratio 

ITirust/weight ratio of testbed, aero- 
dynamic characteristics of tlic airframe, 
the airframe-propulsion svstem dvnain- 
ics all contribute to the over-all impres- 
sions given by the flight test vehicle. 

'I'estbed is first RB-66.A built hv 
Douglas Aiieraft. w-js used in USAF 
Phase II flight test at Edwards and is 
leased by Ceneral Electric for the 
strictly commercial CJ805-3 program, 
rather than bailed. 

Besides removal of much combat 
gear, the aircraft was modified for the 
CJ805-3 program in two vvav s-ptoduc- 
tion engines, in pods designed and built 
by Convair which ate almost identical 
in inlet configuration to 8S0 pods, arc 
installed; the electtical system was 
changed to incorporate the Cenctal 


Electric constant speed drives and alter- 
nators which arc featured on the 880 
(.AW Sept. 8, 1957. p, 30). Thus the 
testbed incorporates powerplants and 
primary electrical system components 
which will be used on the commercial 
transport. 

The RB-66A is basicnllv a non-instru- 
mented testbed and is intended for 
flying in a generalized program .similar 
to endurance work wliicn Lockheed 
Aircraft accomplished with Electra 
povvci packages in Elation (AW Oct. 
M. 19v7, p. 93), and Allison “Opera- 
tion Hourglass." 

The te.stbed docs not incorporate 
the Ceneral Electric sound suppressors 
with which the 880 now is equipped 
and carried on first flight, nor ate thrust 
revetsers installcd. 

Tvvo flights were made in the Avia- 
tion W'eek evaluation program, with 
the main effort directed toward s.im- 
pling the Cf805-5 features which have 
gained widest attention, primarilv accel- 
eration and air relights, pins fuel con- 
simiption, although accurate fuel con- 
sumption me.isuTcmcnt at the various 
altitudes was precluded by the lack of 
pro^r instrumentation that was noted 

In the acceleration regimes, various 
tlirottlc displacements, at v.irving rates, 
were made at a miinbcr of altitudc-s. 
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OPPORTUNITIES FOR ENGINEERS. 

In Communications and Navigation 


One of the Creat 
Technological Challenges 
of Modern Warfare 







PROTECT AGAINST 
CORONA. HEAT 
AND ALTITUDE . . . 

AMP's new Post Insulated Stratotherm 
Terminals and Splices are designed 

"upstairs.” Post Insulated Stratotherm 
overcomes difficult heat and high altitude 
problems confronting aircraft and 

outstanding electrical performance of 
compression crimping with the new 
Insulating qualities of sealed Teflon° 
sleeves which deter corona effects 
and moisture entrapment In a wide 
temperature range. 


THE HEAT’S ON 


OUTSTANDING FEATURES: 


• fits varying insulation diameters In a 
wire size range from #22 through 
#10 AWG 

• crimped insulation ring seals 
termination point against corona and 
moisture 

• high flex and impact strength 

e crimp attachment by either A-MP 
portable power tool or manually operated 
A-MP hand tool 


Complete technical data available on reanesl. 


AMP Incorporated 

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 

(2 




CJ80S-3 engiiic pods arc similar to those on the Convair 880 turbojet transport, Biiiltup portion at top is testbed beefup. 


especially at high and low altitudes. 
Additionally, air st-arts were run fhrmi|h 
at altitudes from 13,500 ft. to 41,500 ft. 

Additional aca-leration examples were 
obtained in ILS missed approach rails 
at Oxnard Ait Force Base. 

CJ805-3 acccletation in takeoff posi- 
tion showed thrust rise to lx; virtually 
sinmltancous with rapid throttle appli- 
cation. Testlxd limitations preclude 
full power at a standstill, instead power 
is stabilized at 93% rpni., roll is started 
and full power applied after speed is 
gained. 

Thrust Buildup 

In adding the last increment of 
power, thrust Iniildiip was simultaneous 
witli throttle movement- In the first 
and second segment climb, 100% rpm 
for full 5 min. alloivablc period was 
niainfaiiied. Takeoff was dry— neither 
J79 nor CJS05 arc designed for water 
injection. 

ILS approiclies were made with gear 
down, flam at approach (60%) and 
speed brakes extended, with full flap 
extended just prior to teaching the 
middle marker. Airspeed was at rceom- 
nicndcd value for existing gross weight. 
The first approach was made with alti- 
tude held aooie the glide slope until 
close in, giving a steeper descent and 
faster rate of descent than would norm- 
ally obtain, while the second approach 
was held to the proper glide slope angle. 
In botli approaches, aircraft was flown 
somewhat beyond tlic usual simulated 


ILS wascoff minimum, to ascertain en- 
gine aecclcnition and thrust buildup 
relationship when power is applied for 
go-around late in an apptoacli. 

Fill] power was applied from 68% 
rpm., approximate best power lescl for 
RB-66A approacii iu existing configura- 
tion, and acct'krntion was siniHltaiieous 
with scry rapid throttle mosement. 
Icstbed aeccleration was fast enough 
that despite immediate gear retraction, 
the spee-d built up too fast for wheel 
doors to complete their closure ci'clc 
l>ropetly, eicn with speed brakes re- 
maining extended. 

\ sbindard airline misserl approach 
profile was followed rather than a high 
angle piillup which would haic held 
tlie speed doini. Testbed was at light 
gross wciglit-oii the order of 46.000 
H)., wliicti gave a very good tlirastr' 
weight ratio. 

Engine Performance 

F'.ngine ix'rformaiiec througli both 
w-.iicoffs was satisfactory. Hie testbed 
accelerated swiftlv from an airspeed 
bordering on V, plus 10 kt. with a high 
angle of attack, compictelv ditty con- 
figuiiition, giving rise to the opinion 
that reaction is almost equal to a pro- 
peller propulsion systems. 

Tlirottles were chopped, slammed 
forward and generally severely abused 
according to usual engine handling 
standards. No surges or comptexsor 
stalls resulted from the sampling, done 
at various altitudes and airspeeds. 


Ait starts with CI805-3 arc accom- 
plished vetv simplv in three operations 
—turn on fuel boost pump, air start 
(ignition) switch and fuel control. En- 
gines come from windmill to idle sw iftli 
and smoothly. 

Starts were made in flight evaluation 
above tlic normal restart altitude and 
below normal airspeed. lit all eases, 
the povvcrplant successfully relighted, 
regardless of vvindiriill speed (down to 
21%. rpm. or aits[xx:d (as low as 205 
kt., indicated ait speed at restart initia- 
tion altitude of 41,500 ft. in one case). 
Single Engine Test 

hr the testbed, altitude could not be 
niaiirtained on one engine at the aver- 
age weight of 48,000 to 52,000 lb. at 
which several high altitude starts were 
acconrpUslied. lit these cases, after the 
engine had windiuillcd down to below 
30% rpm., the altitude had slipped to 
about 37,500 ft- at which time a rcligh' 
was fiillv accomplishetl and the cn^ne 
was rcturacd to tlic flight power setting. 

One aitst.nt was accomplished at 40,- 
000 ft. with ignition and relight ini- 
tiated at 40% rpm. at 186 kt. LAS 
(Mach .58), a somc-vliat low speed for 
the altitude. Little altitude was lost 
since the engine was not allowed to 
spin down to low speeds, a time con- 
Miiniiig process. 

Both engines were relighted at 35,000 
ft. at 40% and 41% rpm., botli at 180 
kt. (Mach .55), with fuel flow on one 
coming to 525 lb. 'hr., the other to 50(1 
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Converting DC-6As Into Cargo-Passenger Airliners 

AIResearch Aviation Service modifies to specific airline requirements 


The cargo-passenger convertible DC-6A allows 
a change from full passenger to cargo-passenger 
configuration on three hours’ notice, and full 
passenger to full cargo changeover in 24 hours. 
Literally three airplanes in one, it assures oper- 
ators the best use of present equipment. 

Modifications include installation of seats 
on tracks.. .galleys and bulkheads designed 
for quick and easy removal . . , ]>a8senger lava- 
tories and water systems. 

Other major modifications for DC-6 and 
DC-7 aircraft include: 

• Conversion from first class to tourist sealing, 
or combinations of the two separated by a mov- 
able bulkhead. 




• Radar installation including design of system 


icreased gross weight 
* of any required Douglas Serv- 


• Extended r. 
of DC-6B. 

• Performanr 
ice Bulletins. 

Modifications have been performed for lead- 
ing airlines including American. Canadian 
Pacific, Pan American, japan, Hawaiian. Swiss- 
air, Sabena and others. AiResearch's more than 
150,000 square feet of floor space represent 
the finest conversion, modification and serv- 
icing facilities available. 


Your inquiries are invited. 

CORPORATION 

flifesearch Aviation Service Division 



II). Iir.. iind exhaust gas temperature 
(KGT) held at 450C and -rbod 

Id almost all case-s. fuel flows at re- 
start idle spee-ds remained within plus 
or minus 25 lb. of the 500 lb. hr. value, 
and EGT peaks at relight staved be- 
tween -I50C and 500C. although the 
majoritv were at the level of 450 to 
460C. ■ 

A component of the CJ805-3 which 
gets much credit for cnBine’s petfonn- 
ance is the ^V'oodvv:ltJ^ fuel control. 
Among the features of this control is 
a capability of the engine to be re- 
started with the throttle set at anv po- 
.sition from idle to full thrust at anv 
altitude or airspeed. 

One sucli shut was dcnionstrated, in 
which the throttle was kft at full open 
position when the fuel was shut off. To 
lessen tbcrra.il shock which would have 
l)ccn incurred if the engine had hetn 
allowed to cool eomplctelv during the 
time period required for windmill down 
to about 20% tpiii., the engine was 
restarted at about 40% rpm. Relight 
was nonnal and the engine moved to 
idle rpm. of about 65% (proper for 
the altitude) where .iccelcration fuel 
flow schedule canie in and engine 
quickly and smoothly moved to 9S% 
rpm. which was full throttle value for 
tlie altitude. There was no overspeed 
or hunting. 

Several similar examples were accom- 
plished bv the Avt.vriON W'eek pilot, 
with throttles set at 92% rpm. at 15,- 
00(1 ft. In several such situations, in 
which engines were allowed to idle 
down to about 21% rpm. at airspeeds at 
IS6 to 192 kt. IAS (Mach .582). re- 
light was accomplished Siitisfactorilv. .M 
the lower altitudes and less than maxi- 
mum power settings, thermal shock was 
not as .severe as would have obtained 
at higher altitudes and lower ttmpera- 
tutes, since outside air temperature at 
the time registered zero Centigrade. 

In the Woodward controls, a cor- 
icctcd speed cutback is incorporated 
vvliich prevents compressor stalls and 
engine surges which might casilv be 
obtained with inadvettent llirottle 
bursts and high throttle setting air 

Examples of these were done in 
AvtATiON Week flight evaluation. 

This feature uses four conltol pa- 
rametets. compressor discharge pressure, 
compressor inlet temperatute, actual 
rpm. and throttle position. The unit, 
essentially an anticipator, functioned to 
start reducing fuel flow to prevent over- 
shoot and hunting as the rpm. ap- 
proaches the value called for by tlie 
throttle setting. It works in reverse 
on a throttle chop— preventing stall 
from sudden fuel starvation condition. 

As is any turbojet, the Cj805-3 is 
designed for a certain mass air flow, 
which is subject to change according 
to altitude and temperature. To ob- 


tain desired mass air flow, or as close 
to it as possible, the engine incorporates 
a corrected engine speed feature, an 
automatic compensation for altitude 
and temperature changes. 

Tlie unit works to provide the v-alue 
of flow which would be the proper 
level at the selected tpm. (throttle set- 
ting) and altitude on a .standard dav, 
MTien fempetatutc is below norntal, tlie 
actual engine rpm. drops since proper 
air mass flow is obtained with less en- 
gine speed. On a liot day. actual en- 
gine speed is grc.-iter to make vip for tlie 
less dense air and still provide the 
proper or best obtainable mass air flow. 
Optimum Mass Flow 

Readout on the pilot’s instrument 
panel is the proper hypothetical engine 
speed for the altitude and temperature, 
although actual rpm. may he higher. 
For example, on a hot day at 57.(100 ft., 
the insftunicnt panel tachometer niav 
read 96% rpm. while the actual engine 
speed is 104% rpm., inaximtim limit 
speed for the engine, lliis will pro- 
duce the optiinuin mass flow, either 
the value desired or the closest possible 
for the altitude and temperature. 

The GJ805-5 is essentially a J79-7 
povvcrplant. (AW Aug. 11. p. 69). the 
Phase II development stage. Ifnwevcr, 
it lias no afterburner, but the weight 
is absorbed in other areas in beeliiig up 
the engine’s strncture for longer scn ice 
periods between overhants for commer- 
cial certification. One area of difference 
is that while flic |79-7 uses magtho- 
riiim in part of compressor case, the 
CJ805-3 uses a steel case. There is ad- 
ditional structural reinforcement fn 
areas where longer service life will 
mean reduced maintenance cost, where 


vveiglit is not tlie same critetion it is 
in a military powerplant. 

The current CJ805 program got un- 
der way about a year ago vslicii the 
.airplane was leased and then went into 
llic modification cvclc. Scheduled to 
fly in October of last year, its first fliglit 
on the modified testbed was made at 
4:30 p.m., Oct. 51. Following 10 
quick Itoiirs of shakedown, the testbed 
was delivered to Douglas Aircraft at 
Long Bead) for shake test. It was 
returned to General Electric in Dtceiii- 
her. 

General Electric is tailoring the Ed- 
wards .AFB flight program to provide 
as close a siinulatioii as possible of air- 
line tvpc schedules. Might schedules 
were outlined after conferonces with 
airline operators who have purchased 
the Conv-air 880 with Cf805-3s. 

5\'hilc one engine in the RB-66A is 
partially instrumented, a fiillv instni- 
nieiited CJS05-5 is installed in the 
Douglas XF4D which General Electric 
operates as a testbed. Engineering test 
data is derived from this aircraft, which 
uses an oscillograph and photo panel 
data gathering system. CJS05-5 first 
flew last -April in the Skyray, ficvv 100 
hr. in 3i weeks, then went to Convair 
for ground runs and testing there. .An- 
other CJ805-5 VV.1S installed in the 
XJ’4D last September. 

In the RB-66A, current engines have 
accumulated quite a few hnuis. IIow- 
over. about Mar. 1. an engine will be in- 
stalled which already has been run 
] ,000 hr. on test stand at General Elec- 
tric plant in Evendalc, O. This power- 
plant will be run another 1,000 hr. in 
the RB-66A, it is hoped by October of 
riiis year. 

Goal of this program is to raise 
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DARNELL 



RUeBER TREADS . a widt cKete* of 
neods suited to all types ef floors, iitclad- 

Wheels highly adopted to rough usage. 

RUST-PROOFED . . by >!m ptoting. 

Domeil Casters ghe lenger, core-free life 
wherever water, steom and corroding chem- 
icals ore fre^y used. 

LUBRICATION . oil swivel and srheol 
beorings ore foctory poched with o high 
guonty grease that “stands up" under ot- 
toch by heat and water. Zerh fittings are 
provided for gulch greose-gun lubricotien. 

STRING GUARDS Even though string 


time betw’ccn m trhiiuls to 1,000 hi. for 
the engine, if possible befoic tlie po«ct- 
plants enter commercial scrsicc. Addi- 
tionallv, it «ill give General Electric a 
good idea of the problems to be en- 
countered through sersice life of en- 
gines after they have passed the first 
1,000 hr. mark. 

Testbed also is to be equipped with 
the same engine gages which will be 
used on the production 880s, to get 
an idea of compatibility of powcrplants 
and instrumentation. 

So far the testbed has been flown 
bv General Electric and Convair pilots, 
plus .Avwtion Week pilot. Don Ger- 
nicraad. 880 test pilot, flew the test- 
bed before the first 880 flight, sampling 
engine performance, air starting charac- 
teristics and possible compressor stall at 
altitude. 

Comair will be sending pilots to the 
General Electric Edwards facility, two 
at a time, during the remainder of the 
program both to help with the flying 
and to gain familiarity with the power- 
plants and electrical system compo- 


Napier Inaugurates 
Canadian Subsidiary 

London— British aircraft and diesel 
engine maker D. Napier and Son Ltd., 
part of the English Electric group of 
companies, has formed a Canadian 
subsidiarv. D. Napier .and Son (Canada) 
Ltd. to increase trade with Canada. 

New subsidiarv will sell, overhaul and 
service all Napier engines including the 
"Doltic" diesel, marine and industrial 
gas turbines, and the Eland turbojet 
I iigiiu which is installed in the mili- 
tarv and civil versions of the Canadair 
>46 aircraft. Company also will handle 
conversion of piston-engined Convair 
440 airliners to Eland engines, civil and 
militarv applications of helicopter gas 
turbines, rocket engines and the “Sprav- 
inat" aircr.ift dc-icing system, flead- 
quarters of the new company is at 4104 
St- Catherine St. W'est, Montreal. 


Ministry Airplanes 
Get Fluorescent Paint 

London— Britain’s Ministry of Trans- 
port and Civil Aviation is painting fluor- 
escent orange markings on its fleet of 
15 airaaft used foi testing pilots and 
equipment- It is hoped to persuade 
airline operators to do likewise, as an 
aid against midair collisions. 

Independent airline Hunting Clan 
Ltd. has announced it will paint its 
fleet of 17 aircraft fluorescent “rocket 
red." Britisli Overseas Airways Corp. 
says it is “examining possibilities" of 
using this paint on its fleet, 

Jet Plane Facilities 
Readied at Seattle 

Seattle, Wash.— .An addition to tlie 
administration building at the Seattle- 
Tacoma Internationa! Airport should be 
ready for use in April, according to 
George T. Treadwell, chief engineer for 
Ihe Port of Seattle, airport operators- 

A 500-ft- long wing will provide ad- 
ditional passenger-deplaning and gate 
facilities, with three positions for jet 
planes and one for piston-engined trans- 
porh. .A 270-ft. vehicle parking lot in 
front of the wing is designed to relieve 
congestion in existing lots. 

British Companies 
Form Nuclear Group 

London— Three major British com- 
panies, Rolls-Rovce, Vickers, and Foster 
\ATK-cier, have fonned a new company, 
Rolls-Royce and Associates, to design 
and build nuclear power equipment, 

.All three alreadv arc collaborating on 
developing a nuclear submarine. 

New compiiny plans to be active in 
every field of nucle.ir power, including 
nuclear propulsion of aircraft, rockets, 
ships and automobiles, officials said. 

Rolls-Rovcc holds 52% of the $700,- 
000 initial capital. 



ENGINEERS 

* Design • Research • Development 

* Electrical Controls • Gearing • Bearings 

Projects include constant speed drives, 
hydraulic motors, pumps and other com- 
ponents for commercial and military air- 
craft and missiles. 

Send Resume ond Technicol Background Oats to; 

SUNDSTRAND Personnel, Dept. A, 1401-23rd Ave„ Rockford, III. 

SUNDSTRAND AVIATION 
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Navy Revises 

By Philip J. Klass 

Wasliington- I''undamcntallv new se- 
curity classification policy has httn es- 
tablished by the Navy Bureau of Aero- 
nautics ill an effort to strip away ted 
tape tliat has hamstrung both BuAcr 
and its contractors and added unneces- 
sary cost to defense procurement. 

New security classification policy, 
which lias been tried out vvitli about a 
dozen contractors, will go into effect for 
all of BuAet’s 10,000 contractors within 
tlie near future, probably witliin the 
next several months. 

Bureau of Aeronautics' new poliq’ 
operates within the framework of De- 
fense Department's Security Rcqiiite- 
ments Check List (DO Form 254). de- 
vised in 1952 as a means of advising 
defense contractors what security clas- 
sification should be applied to various 
phases of a program. Within this frame- 
work. howev er, BuAcr has applied a new 
“common-scnsc” philosophy to what 
siiould or should not be classified. 

The new security classification cri- 
teria will result iu the downgrading and 
declassification of manv items now un- 
der contract or in fleet use. However, 
BuAut expects that the net result will 
be a major improvement in the safe- 
guarding of vita] military information. 
One Bureau of Aeronautics spokesman 
puts it this wav: “Bv eliminating the 
trivia whicit we and the contractor 
know is not justifiablv classified, vve ex- 
pect to gain more respect for real sc- 
curitv infomration and netter protection 
tor what needs to be kept secret," 
Planned Achievements 

In addition, when the new policy is 
fully implemented. BuAcr expects to; 
o Save sizable portion of money now 
spent for special handling and guarding 
of equipment, components, drawings 
and report which in themselves arc not 
of v alue to an enemy. 

• Provide realistic guidelines that will 
enable local Navy plant representa- 
tives and contractors to qiiicklv deter- 
mine the proper security classification 
for any piece of equipment. Iiardw-atc 
or literature. 

o Simplify siiliconttacling of defense 
work, partieiiiarlv to small business, bv 
eliminating tire need for manufacturing 
non-critical devices and subsystems in 
3 guarded classified area with all the 
attendant constraints. 

Hie basic philosophy behind Bii.Aei's 
new program is that the object of 
securitv classification should be to with- 


Security Plan to Cut Costs 


hold military information of value to 
an enemy and that such things as con- 
figuration, equipment design, drawings, 
models and reports should be classified 
onlv to serve this purpose as opposed 
to the eornerstone of security classifica- 
tion philosophy in some cireles tliat any 
details must somehow be of a value to 
an enemy. 

For example, in the past vvhen a 
contract was placed for development of 
a new radar, the entire equipment and 
its dements usuallv were classified de- 
.spitc the fact tliat many of its com- 
ponent parts might be commtTcially 
available on an unclassified basis and 
many of its techniques might be well 

From tlie enemy's v iewpoint, what he 
wants to know about a new radar in or- 
der to jam if is its operating frequenq', 
its ability to rapidly change frequency, 
its pulse encoding techniques and its 
vulnerability to electronic countermeas- 
ures- This is the type of information 
that the bureau proposes to classify— 
not the diincnsions of the box the radar 
indictOE is housed in or the finish on the 
threads of flic bolts in the antenna 
pede.stal. 

Clossification Criteria 

Instead of instructing a contractor 
that all drawings of test equipment, or 
all external views or all design details 
arc classified “eonfidentiar or ' secret'' 
a.s in the past, each item will have its 
own individual classification, including 
"unclassified.” depending upon whether 
or not it reveals militarv performance or 
operating cliaracteristics of value to an 

Bu.Aer has added a fifth page to the 
standard DD-254 security ctieck list in 
vvliieh it lists 20 different types of sig- 
nificant militarv- performance oper.itiiig 
char.iclcristics infonn.ilion. one or more 
of which may be applicable to am spe- 
cific contract. For t-.ieli of these Ijpes 
of infoniiation. Bu-Act assigns 11 classifi- 
cation cjtegorv ranging from "top sec- 
ret" to "unclassified.” 

Tvpes of infoniiation which apply 
|)rimatilv to aircraft and missiles include 
on-station time, speed limits and re- 
strictions, altitude limitations, range 
limitations, maneuverability, armament 
inslailatioii and accuraq. For povver- 
|)lant programs, categories include 
specific thrust, specific fuel coiisump- 

Types of information listed for avi- 
onic equipment include effectiveness of 
countcmieasurcs, vulnerability to coun- 


tcnneasurcs, maximum depth above or 
below water for satisf.icton- operation, 
sensitivitv. speed of computation, cod- 
ing, specific fiequcncv. bimdwidtli and 
ftcqutncv shifting capabilitv. I'inal 
item listed is tactical application. Other 
special listings can lie typed in as re- 
quired for special situations. 

Bureau of Aeronautics has foiimilatcd 
unitonii criteria for establishing what 
classification should be applied to each 
tvpe of airplane, missile, helicopter and 
avionic equipment, depending upon the 
particular stage in its life qclc, i.c. de- 
velopment through fleet use and finally 
obsolescence. 

Typical Application 

Using the previous example of a 
search radar, botli the general Irequcnq 
band (i.e. X-liand, L-band. etc.), and 
the specific operating frequenq- within 
that hand would be classified "confiden- 
tial" during development and expeti- 
nicntal model fabrication. But vvhen the 
equipment is ready for fliglit testing, the 
genera! ftequenev band becomes unclas- 
sified. but the specific frequency within 
this band remains "confidential." This 
is a practical vicvi-point inasmuch as the 
size of radar waveguide, which may be 
seen bv many persons during flight tests, 
tevtiils tlic frequency band but not the 
specific operating frequency in that 

'Tliis means, for example, that during 
production (wliem same classifications 
applv ), the radar set nianuf.icturer need 
pot classify tlic dnvvings. specifications 
or test equipment for waveguides since 
their size, configuration ind char.icteris- 
tics do not reveal the specific operating 
fiequencv. onlv the general band, which 
is unclas'sified.' 

Similarly, the radar display console 
also might be handled on an unclassi 
fied basis thtoughout design, mamifac- 
ture and test, except possiblv- for the 
iiaiiiepkitcs which mav reical informa- 
tion on the radar's t.ingc and anti-coun- 
termeasures capabilitv , 

As Tcsult of this new BiiAer poliq-, 
many of the components of a new sys- 
tem can be shipped without the clabo- 
r.itc security- measures that formerly re- 
quired a scaled boxcar aiid'or armed 

^ .Applv ing tlic new- philosophy to i 
new Navv airplane recently saved the 
bureau close to half a million dollars 
When the aircraft was re-ady- to be rollee 
out of the contractor's factoty-. the air 
frame configuration was still ekissified 
The contractor therefore requested ap- 
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SELF-ALIGNING 1000 CONNECTIONS 

TEMPERATURE. ..-65’F tolOOO'^F 
PROOUCEABLE in large or small quantifies 
RADIATION LEVEL . . . ] ,000,000 Roenf gens 
per hr. 

LOW PRESSURES for insertion and extraction 
HUMIDITY... 0% to 100% 

ATMOSPHERE . . . air, water, salt water, 
jet fuel, exhaust gases, oil, hydraulic fluid 
PRESSURE.. .0 to 30 p.s-i.o- 
OPERABLE by mechanical manipu/otor 
VIBRATION. ..40 Gs 

^PP^ IVE LOCK-UP and tnp-free disconnect 
JMOSION PROOF DEAD FRONT 

^UENCE SWITCHING LIGHT WEIGHT 

IrERMETICALLY sealed trouble FREE 

^ LOW TOOLING COST HIGH VOLTAGE 





Shown above are a few of the many tough con- 
nector problems that have been presented to 
Cole Electric Co. in recent months. Thanks to 
the versatility and adaptability of revolutionary 
new Cole self-aligning connector pins and their 
operability under extreme conditions, all of these 
problems are being solved. Special Cole Con- 
nectors have been developed to meet difficult 
environmental and operational requirements for 
aircraft, missiles, ground support, computers, 
nuclear, electronic and electrical equipment. 
Whatever your connector problem might be, a 
special Cole Self-Aligning Connector may provide 
the practical solution. Our complete research and 
development facilities are at your disposal. Write 
or phone today. 




ELECTRIC CO. 

5439 StcUer Dr., Cuher City, Calif. • TE 0-4F01 


Hln{t-t]rpt cinstruetion 
miita (lesslbli 
il Call silf4liinlB£ 
urmictor pins 


Cole Type A16112 Connector developed 
for a major airframe manufacturer. Makes 
100 connections using 30 amp. Cole Self- 
Aligning pins. 5,000 volts R.M.S. Nylon 
receptacle has quick-acting, break-away 
hinge and positive lock. Insertion pres- 
sure for lOO pins is only 11 lbs.; with- 
drawal, 15 lbs. Tested to 40 Gs. Meas- 
ures only 4" X 4". 

Other new Cole Connectors accommo- 
date 630 and 1000 circuits. Virtually any 
size or configuration of Cole Connector 
can be made. Five pin capacities: 7,5, 15. 
30, 75 and 300 amp. Highly specialized 
fittings in stainless, phenolics, fiber glass, 
nylon, ceramic or other materials. 


|)ioxjm-atch S50C.000 to build a struc- 
ture to shield the plane from publie 
view. After looking into the matter. 
BuAcr and the contractor agreed that 
the only significant feature which 
needed to be kept secret was the shape 
of the engine air inlets. This could be 
accomplished by building an inexpen- 
sive structure for masking the inlets at 
a cost of a few tliousand dollars. 

With the new explicit, clear-cut de- 
lineation of what constitutes classified 
infonuation, BtLAcr expects to greatly 
reduce the hundreds of requests for in- 
terpretation which prcriously had to 
come to hc.idquarters for a decision, ac- 
cording to Paul Kaurfinaim. ICiuffinaim 
is assistant to Bii.-\er's sccuriri rlircxtor 
for classifie.ition. 

I'or instance, certain classified cqui])- 
inent must cither be placed under 
24-lir. guard or else remosed from an 
airplane for sccurits’. Rcccutb , tlie ques- 
tion came in from a Na\y field facilih ; 
■'W'hcn we pull out tlic equipment, 
ouist we al.so temorc all of the airplane 
n iring wliich interconnects elements of 
tire equipment?” Under the old polics-. 
tlic cables might be considered part of 
the classified equipment. But under the 
new sccuritv gitidelincs, it onb’ is neces- 
san- to establish nhether the e.iblcs 
could bv tlicmsclscs rove.il spccificalb- 
useful informatirm about tlic classified 
equipment. 

Avionics Back-Breaker 

Instead of applying the iicii' pbiloso- 
pliv onlv to new contracts, Bu.Aer de- 
cided to apply it to existing programs 
and equipments now in fleet use. 'I'ough- 
esc part of this retroactive analysis came 
in BiL-kcr’s Aiionics Diiision, where 
.some 10,000 equipments and programs 
had to be reclassified using the newly 
established criteria. The program was 
-.pearheaded Isy M’illiam Gregory , work- 
ing with KiUiffmann’s office. Some of 
the equipments liad been descloped 
tkiting World W’ai II. still e.irricd a 
security classifie.ition because no one 
had gotten around to declassifying 
flicm. Approximateiy 2.000 items were 
declassified, a mmibcr of otiicrs dinin- 

BuAcr considered rcciassifieation of 
indi' idual sithasscmblics and spare oarts 
for existing equipments in accordance 
witli the new criteria but round the task 
too oicTwhclming. with more titan IQO,- 
000 items that would iiaic rcqititcd 
detailed stndv. 

Theteforo, BriAct will establisli sc- 
cnriti classification ievcis for subassem- 
blies and spate parts only on future 
contracts. Tliis will be done concur- 
rcntlv with spate parts ptoiisioning. 
Mach contractor will be rcsponsilile for 
recommending sccuritv ciassification for 
individuai spare parts, but rcenmmenda- 
tions win be reviewed bv tlic Bu.ker 
sccurih' director. Gregory bciicsos tliat 


the bulk of the spate parts will be un- 
da ssi fled. 

W'itliin tile next scicral monfiis. the 
bureau expects to publi.sli a new BuAet 
Classification Guide book which wiii 
list cien' one of its conimets and iiuli- 
e.itc the new ciassifitution category 
wliicii applies to eacli. Once eiety six 
montlis each of the classified programs 
will be reviewed with the appropriate 


isrojeet engineer to establish wlielher 
anv change in lifc-cicio categors has 
taken place. If so, a new security cate- 
gotv wiU be listed in the next edition of 
tire Ciassification Guide which will he 
pubiislicd tw ice a year. 

When the first new Classification 
Guide becomes aiailahle in the next 
several months, Bu.Aer will then extend 
its new policy to all of its contijctors. 


AIRPORT REQUIREMENTSt 
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Jetllnars on order wifi make real demands on petroleum 
suppliers. WHIi fuel requirements increased four-fold by 
the huge commerclol jets, will your supplier be oble to 
provide proper service in tbe difficult years abead? 

Twelve yoorsago, Esso pioneered ond developed high- 
speed hydrant refueling. This speedier ond safer method 
is now available at many mojor inlBrnotiOnal airports — 
a practical and efficient solution lor the increosed fuel 
copacities of today's large piston-engined oirliners ond 


tomorrow's giont jetliners. Esso Aviotlon Turbo Oils 1Sond 
3d, developed o decade ogo, ore stiff the only synthetic 
lubricants approved lor the engines of the world's most 
odvonced turbine oirliners. 

Your experienced Esso airline representative and tech- 
nical service mon will be giod to show you how Esso hos 
prepored to meet your oircroft's unique fuel and iubrico- 
tion requirements. No matter how complex your problem, 
Esso can serve you better. 


A good sign to fly with... 
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Fuel Unit Would Prevent Contamination 


Sewaren, N. J.— Long range goal of a 
ruscarcli program undera-.iy at the Shell 
Oil Co.'s Acroshdl Turbine h'ucl 
Kquipment Laboratorj’ here is a fail- 
safe unit that will automatically shut 
off the pump on a refueling wagon to 
present contaminated fuel from enter- 
ing sensitive turbine engines. 

I'his goal is admittedly a distant one; 
major reason for this is the extremely 
small size of the solid conbiminants the 
fuel experts hope to stop. Fisc microns 
is tentatively set as the upper limit for 
admissible particles. A photoelectric 
beam, wliicli was the basis of one at- 
tempt at a fail-safe unit, proved too 
crude to handle the problem. 

A more immediate objective is the 
development of a filter-separator that 
will remove contaiiiinanls selectively. 
There is no filtering unit available to- 
day. Shell declares, that alters particle 
size distribution. A good filter inav re- 
move 99% of the foreign particles from 
aviation fuel, but those that arc left 
will range in size from 1 to 150 
microns. WTiat is needed is a filtcr-sqia- 
rator which will take out all contami- 
nants above, say. 10 microns without 
slowing the fuel pumping rate. This 
would lx: a significant step. Meanwhile. 
Shell and others are investigating sup- 
plemental, positive cut-off devices. 

Until now there have been no size 
limits set for solid contaminants. Both 
civilian and militarv requirements have 
been based on the government spccifi- 
c,ition for oil filters. Mil-F-850SA, 
which simply reqiiired the removal of 
n percentage of all contaminants. This 
specification is presently being rewrit- 
ten and will probably include particle 
size limits based on the work now un- 
derway at Acroshcll Laboratory. 

Shell’s interest in the problem stems 
from its position as an aviation fuel 
supplier, selling more than 55% of the 
aviation fuel purchased for cammctcial 
use. Legallv, its rcsponsibilitv stops 
when it pumps the fuel info the air 
terminal storage tanks. .Actually, when 
soinetbing goes wrong. Shell declares, 
the fuel companies are the first to get 
blamed bv the airlines. W'liile Shell 
has no interest in making fueling equip- 
ment. it feels that it is forced to set 
standards for this equipment to pro- 
tect the interests of the company. 

Tlie problem of turbine fuel con- 
tamination is fast assuming major pro- 
portions. Now less than 100 million 

S l./year, the demand for aviation tut- 
ne fuel by U. S. airlines is expected 
to jump to about 1,500.000,000 gal./ 


year by 1962, Moreover, there are 
many facets to the problem. Most im- 
portant of these are the following; 

• Increased sensitivity of turbine en- 
gines to moisture and foreign particles. 
Ovttseas. there have been instances 
where solid particles have blocked small 
uass;igcvvays, resulting in the seizure of 
fuel pumps and stoppage of the engine. 
Less dangerous, but equally damaging 
and more common, arc the eases where 
turbine fuel contamination causes pre- 
mature failure of parts, requiting un- 
scheduled repair and miiintcnanee work. 
So far. engine sensitivity hasn't tcallv 
been a ptnblein in the U.S, stiys Shell, 
Isecausc The Rolls-Rovee Dart engines 
which power almost all the turboprop 
aircraft here ate relatively sim|)lc. But 
the introduction of the pure turbojets, 
the company declares, is going to 
change this- 

• Giealer fuel coiisnmption of the tur- 
bine engines. Compared to the Doug- 
las DC-7C which bums aisoline at the 
rate of 550 gal. hr., the Douglas DC-8 
and Boeing 707-520 jet transports coii- 
smne 2,500 gal./hr. of turbine fuel, 
while the smaller Boeing 707-120 burns 
about l.SOO gal./hr. Tnis means that 
the chances for fuel contaminants to 
foul jet engines arc three to four times 
as great as for piston engines. 

• Slower settling rate of turbine fuels. 


Settling is an excellent method of lower- 
ing fuel contamination and is used, on 
the average, twice during the course of 
fuel transfer from supplier to aircraft— 
once in the storage tanks at the sup- 
plier’s bulk depot and once in tlic stor- 
age tanks at the air terminal. .At the 
same time, fuel handlers try to keep 
settling to a minimum: it takes time 
and tics up costly fuel. And, with the 
higher turnover of turbine fuel, settling 
could require additional storage tanC 
installations which, according to one 
estimate, average 518,000 for a unit 
of two 15,000-gal. tanks. Standard 
settling time for aviation gasoline is 1 5 
min. per foot of storage depth. For 
aviation kerosene, this will have to be 
lengthened to one hour/foot of depth 
to acliicve comparable levels. 

The solution to most of these prob- 
lems, Shell believes, is the development 
of a filter separator which would remove 
all moisture and all solid contaminants 
above a certain size from turbine fuels 
without slowing down pumping opera- 
tions or running into exorbitant costs. 
Each foil scale evaluation of new filter- 
separators mu at the Acroshell Labora- 
torv costs the company 55.000 to 
SlO.OOO, But although no suitable 
filter has been developed— nor will Shell 
IHoducc it when it is— the companv 
rronsitlers the money well spent. 
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HUMAN FACTORS 


Human Aspect Specialists Aid Designers 


Los Angeles— Shrinking role of the 
human operator in man-machine de- 
fense systems now raises new and subtle 
problems of human engineering, has- 
tening the growth of consultant firms 
capable of providing industry with spe- 
cialized support in that field. 

One of the largest, and perhaps most 
tvpical, human engineering consultant 
companies is Dunlap and Associates of 
Stamford, Conn., which has recently 
established an office here to be near 
West Coast missile and airplane man- 
ufacturers. 

Human engineering specialists of 
Dunlap have taken part at some stage 
in development of virtually every cur- 
rent missile system as well as in con- 
ception of new aircraft and submarine 
control systems and in solution of many 
other problems. 

Rapid growth of the company and 
others like it is mote evidence that ma- 
chinery is becoming too sophisticated to 
be designed by conventional engineer- 
ing disciplines alone. 

The growing importance of consult- 
ant specialists can be noted in other 
fields than human engineering. Nearly 
half of Dunlap’s work is in systems 
anaivsis and operational research, a 
natural outgrowth of the emphasis in 
human engineering upon closed loop 
problems. 

Growth Restriction 

Missile and aircraft manufacturers 
tend to restrict growth of some special- 
ist groups vs’ithin their own engineering 
departments because deep knowledge of 
a nighly specialized subject is seldom 
needed continuously. A consultant’s 
fees end with his services, but it is 
impractical to lay off staff members 
when their usefulness is temporarily 
interrupted. 

Chief contribution of the human en- 
gineering specialist to the job of design 
is use of more appropriate methods 
upon engineering problems dealing with 
human operations. Applied and experi- 
mental psychologists nhich make up 
the largest part of the Dunlap human 
engineering staff ate experience in lab- 
oratory and literature research and often 
find use for the capability. But in many 
contracts, specialized irisight alone is 
adequate to spot the psychological 
booby traps that turn up in weapon 
system designs. 

' Dunlap holds a contract from U. S. 
Navy to int^ratc and monitor human 
factors aspects of work done by all sub- 
contractors on the Lockheed Polaris 


missile. Some work is directly by Dun- 
lap for companies which lack a human 
factors engineering staff. 

A h-pical problem encountered on 
the Polaris was a conflict between the 
desire of Dunlap workers to scat the 
fire control officer at a console present- 
ing all necessary infomiation at one 
point and the Navy tradition that offi- 
cers stand when on duty. 

llie Na\y position is based on the 
argument that an officer is a supervisor 
and must be free to go quickly wherever 
he is needed. So the inevitable design 
compromise was made. All command 
information is presented at a single 
panel to comply with the Dunlap rec- 
ommendation and it is chairless and 
centrallv located to satisfy the Navy re- 
quirement. 

Control Simplified 

Jobs done by ballistic missile fite con- 
trol teams in the operational count- 
down base been made as simple as pos- 
sible because importance of each step 
makes operator errors intolerable. Since 
retaliatory weapons must react quickly, 
most work of preparing the ballistic 
missile for launch is done on a continu- 
ing or periodic basis so that it cm be 
treated as a round of ammunition if war 
comes. The role of Dunlap and human 
engineering groups of various missile 
contractors is to cot the probability of 
operator error and lower reaction time 
by finding the best division of labor be- 
tween man and machine, providing a 
coherent combination of data presenta- 
tion and controls. 

Ballistic missile launch control cen- 
ters ate commonlv responsible for 
several missiles so that manpower and 
Simport equ^ment can be hme-shared 
efficiently. Tnc fire control officer at a 
land-based missile site or on a Polaris 
submarine has comparatively little to do 
in the countdown unless a malfunction 
occurs in one of the missiles or support- 

le then must make a complicated 
decision on how to switch missiles from 
one target to another, how to rc-assign 
time-shared supporting systems and how 
to alter the sequence in which the mis- 
siles are fired. Tliis involves important 
calculations dealing with target priori- 
ties, time to be expended in launching 
all the missiles and time needed to cor- 
rect different types of malfunction. 

Dunlap now is studying ways of re- 
ducing these calculations to standard 
operating procedures. Difficult, un- 
standardized calculations raise too great 


a probabilitv of error where target priori- 
ties arc at stake. Possible reassignment 
of targets will have to be decided at 
high military and political levels and 
incorporated in standing orders of some 
sort. Creating standard procedures that 
will comply with these and consider 
even’ technical and tactical eventuality 
is not expected to be easy. 

Critical Effect 

Extremely critical effect of errors and 
lost time makes instrument and control 
layout important. Many functions in 
the countdown must be performed in 
sequence and if a step is missed, inter- 
locks mav open to prevent destruction 
of components. This would mean a 
new countdown with delays to the firing 
schedule. 

In Polaris. Dunlap recommended in- 
stallation of indicators and controls for 
the launcher console in a straight-line 
arrangement paralleling the sequence of 
events in the countdown. Some of the 
events are series of actions performed 
automatically bv tlic equipment. When 
a light com« bn to indicate the com- 
pletion of the series, the operator pushes 
a button beneath it to start the next 

Designers of missile launching com- 
plexes have tried to avoid making several 
missiles dependent on any sin^e piece 
of support equipment. If it were not 
for manpower, cost and space limita- 
tions they would prefer to give each 
missile a ' complete individual support 
system. Since that is not possible, they 
duplicate most equipment and time- 
share it among the missiles- A schematic 
arrangement of failure indicators and 
system selector switches on the consoles 
gives the fire control officer the most 
readable presentation of his malfunc- 
tion suitcning problem and his alterna- 
tives in the opinion of the human 
factors experts. 

Semiautomatic ballistic missile 
check-out gear must also check itself 
where possible. The problem of deter- 
mining whether a go-no-go light indi- 
cates the loss of component in the 
missile or in the check-out unit itself is 
a difficult and time consuming one for 
the human trouble-shooter. The fire 
control officer must know the answer to 
re-assign systems. To free the crew of 
this problem, Dunlap experts have ad- 
vised that trouble indicators be linked 
to smallest replaceable module rather 
than systems of modules. 

If a missile is shut down unnecessarily 
because of a fault that is craUy in check- 
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out unit, the countdown must be re- 
started at the beginning and involves 
considerable time spent in warm-up, 
gyro stabilization, etc. Designers ate 
trying to reduce the frequency of check- 
out cycles during the long period of con- 
tinuous peacetime maintenance because 
operation of components increases the 
liklihood of failure. 

In some early missiles it was found 
that components with a life expectancy 
of 50 operating hours often underwent 
as much as 100 hi. of test in a relatively 
short time Span, Experience indicates 
that a system is about as reliable 90 
days after last check-out as it is after 
50 days. Polaris support system also 
doubles as training device with a com- 
puter simulating the missile. 

Guidance Systems 

In Polaris, data is continuously drawn 
from the shipboard navigation system, 
processed and fed to the missile guid- 
ance systems. A feedback loop ensures 
tliat the missile is accepting the correct 
program. A disaepancy between input 
and output opens an interlock to pre- 
vent launch. The loop is loosclv moni- 
tored by a crew member to make early 
corrective action possible. 

Dunlap has tried to avoid the use of 
a human monitor where required to 
watch for a rare occurrence over a long 
period of time. He becomes easily dis- 
tracted and unreliable. He is more effec- 
tive if given some related actions to 
perform reasonably frequentlv. In some 
cases of this type it is better to let the 
man perform the operation with the 

As increasing performance and chang- 
ing environment of weapon systems 
have raised problems beyond the ability 
of man to control directly, there has 
been a tendency to interpose non- 
human sensors, evaluating computers 
and semiautomatic control systems be- 
tween him and his problem. This hu- 
man engineering solution has raised new 
human engineering problems by nar- 
rowing the operator’s role to that of 
decision-making, the least understood 
human activity. The progressive re- 
moval of the operator from the situa- 
tion he is to control confronts the 
designer and his human engineering 
colleague with the task of supplying 
the operator an accurate and complete 
symbolic representation of the real 
world and a way of measuring the effect 
of his actions upon the tactical situa- 

The task is an important one, for de- 
cision depends upon perception. Use of 
increasingly abstract symbols may lessen 
the operator’s motivation, in the opin- 
ion or Dunlap’s experts. Much of their 
work in the field of realistic symbolic 
display of information has been incorpo- 
rated in the Douglas-Bell administered 
ANIP {Army-Navy Instrument Pro- 


grain) airplane and helicopter instru- 
ment panel development study. Ihev 
have also been active in a similar pro- 
gram dealing with one-man control sys- 
tems for submarines and surface vessels. 

Navy officials have given a Dunlap 
study much credit for development of 
one-man airplane type controls used in 
the USS Albacore high speed experi- 
mental submarine and scheduled for use 
in Polaris-carrying subs. The technique 
was part of results attained in Project 
THERBLIG, a six-year time and mo- 
tion study of general human engineer- 
ing research on submarines and anti- 
submarine equipment. A motion picture 
study of 65 operator tasks on giippv 
submarines showed that in 64 there was 
some evidence of human cnor. The 
most serious of these were attributed 
mainly to. inadequate equipment design, 
poor training and ambiguous operation 
procedures. 

Project THERBLIG was asked to as- 
sist in design of Albacore controls be- 
cause serious problem of depth control 
was expected to become worse due to 
the sub’s high speeds. Its designers con- 
cluded that radically new controls would 
be needed to solve the problem. 

Control of a conventional submarine 
requites three operators, a helmsman, 
Ijow planesmaii and stem plancsraan. 
Plancsinen are responsible for control- 
ling depth, rate of depth change, pitch 
and rate of pitch change. The opera- 
tion calls for an unusual degree of team- 
work which cannot always be main- 
tained. At times, one plancsman is given 
the job of correcting depth error and 
the other that of controlling pitch angle. 

Either job is difficult, for displace- 
ment of a diving plane control docs not 
cause a displacement of the plane but 
rather produces a rate of rotation. 
Therefore, position of the control tells 
the operator nothing about position of 
the plane. He must monitor the plane 
angle indicator to prevent any inadvert- 
ent maneuvers and must select a plane 
angle to give a rate of depth change 
proportional to the depth crroi. 

The one-man control technique first 
employed in Albacore uses an airplane 
type voke in which displacement of the 
control results in displacement of the 
rudder and planes rather than rates of 
displacement. 

WHAT'S NEW 


Telling the Market 

Data, charts, and pictures of Aet- 
Opak Thermocouples, Bulletin 5.8A, 
Aero Research Instrument Co., 515 
North Aberdeen St., Chicago 7, HI. . . 
Details on blank sizes, thread sizes, 
dimensions and approximate shipping 
weights of die cast cap nuts, specification 


sheets, Gries Reproducer Corp., 400 
Beechwood Ave., New Rochelle, N. Y. 
- . . Aircraft Service Equipment, illus- 
trated brochure, describes a new systems 
concept for the overhaul and servicing 
of jet ermines. .Automatic Warehouse 
Branch, Pesco Products Division, Borg- 
Warner Corp., Bedford, Ohio. 

Riveting With Hi-Sheats, booklet, 
gives installation and removal data for 
riveter and inspector. Hi-Shcat Rivet 
Tool Co., P. O. Box 45545- Airport 
Station. Los Angeles 45. Calif. . , . 
Description of the line of Color-Litc 
subminiature incandescent indicating 
lights and accessories. Catalog A-58, the 
Sloan Co.. 4101 Burbank Blvd., Bur- 
bank, Calif. , . . Engineering Catalog 
Sheet #50110.1A, gives essential data 
on Rotron Piopimax-2 fan for cooling 
electronic gear in aircraft and missiles, 
Rotron Manufacturing Co., Inc., 
Schoonmakcr Lane, W'oodstock, N. Y. 

Eccospheres, illustrated brochure on 
hollow glass microspheres for use as a 
dielectric material in molding com- 
pounds, tadomes, heat barriers, etc., 
Emerson & Cuming. Inc., 869 Wash- 
ington St., Canton, Mass. . - - Charac- 
teristics, specifications and illustrations 
of welded bellows for aviation, missile 
and instrumentation fields, Formvveld 
technical brochure, Bridgeport Thermo- 
stat Division, Robertshaw-Fulton Con- 
trols Co., 155 Hill St-, Milford. Conn. 

Engineering Guide to Silocone Fluids 
for Mechanical Applications, Brochure 
5-112, Dow Corning Corn., Midland. 
Mich. . . . Description, features and 
^ecifications on Missile ’Test and 
Support Equipment, George L. Nan- 
kervis Co., 15500 Fullerton Ave., 
Detroit 27, Mich. . . . Leader on a New 
Frontier, brochure, gives facts about 
facilities for aeronautical and astronautic 
products and missile hardware. Depart- 
ment FW-A17, The Firewel Co., Inc., 
3685 Broadway, Buffalo 25, N. Y. 

Illustrated booklet outlines structural 
static and dynamic testing, experimental 
stress analysis, hydraulic and pneumatic 
test, etc., of missile components in the 
laboratory. General Electric Co., Mis- 
sile and Ordnance Systems Department. 
Room 5B, 3198 Chestnut St., Phila- 
delphia 4. Pa. . . . New general catalog 
desCTibes company’s standard line of 
qiiick-connect, quick-disconnect cou- 
plings, Snap-Tite, Inc,, Union City, Pa. 

Operating principles, installation dia- 
grams, dimensions and adjustment con- 
siderations of Model 65 Vibraswitch 
Malfunction Detector, Bulletin RF-586, 
Aeronautical and Instrument Division, 
Robertshaw-Fulton Controls Co.. Euc- 
lid Ave, at Santa Ana Freeway, Ana- 
hdm, Calif. 
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Steel Honeycomb Brazed Continuously 


By Craig Lewis 

Dallas— An autoinatod continuous 
process for brazing stainless steel honey- 
comb panels has been developed 
Teiiico Aircraft Corp., and Temco en- 
gineers sav it will do the job cheaper, 

! |uickcr and better than present tnanu- 
acturing techniques. 


With this Tcincombing process, pan- 
els are brazed as they mos’c through a 
Tcnico-dcsigncd furnace at a regulated 
rate, then are stretch-formed to the de- 
sired curs-ature. I'he furnace and its 
feed svstcin are flexible enough to han- 
dle panels of neatly any practical thick- 
ness. length or width. 

Development of new processes for 


fabricating stainless steel honeycomb 
panels is significant in view of increas- 
ing speeds and temperatures eneoun- 
tcad b\' aircraft of the North Amcri* 
ran Mach 5 B-70 and l'-108 type and 
the corresponding need for materials 
to withstand these conditions. Temco 
has no production contracts for parts 
of sucii aircraft now, but says only that 
the new system was developed for fu- 
ture company prime or subcontract 

Tlie new process is designed to re- 
place present batch techniques in which 
panels arc made with carbon reference 
tooling and require sescral hours in a 
furnace to complete the brazing proc- 
ess. Temco system eliminates large fur- 
naces. carbon tooling and the use of 
large quantities of inert gas, and the 
companv contends that Tcmcoinbing 
is cheaper in both capital and operat- 
ing cost. It is also faster than the 
carbon tooling method, and is expected 
to produce a better product because 
of fewer rejects, according to group 
engineer A. \\'. Craves. 

Prototype System 

Prototype Temco system is designed 
around a strip furnace with two banks 
of radiant gas infrared burners. I'ur- 
nacc opening is 4 ft. wide and IS in. 
deep. It is set in the middle of a table 
of rollers, and a chain dris’c along the 
side of tlic table is used to move the 
panel tlirough the furnace, brazing it 
as it passes througli. 

To ready them for the process, pan- 
els. honevcomb core and brazing allovs 
are put together and covered with a 
common stainless steel envelope which 
is scam welded. The emelupe is purged 
with argon, then evacuated, and a par- 
tial \acuuni of S |)si. is maintained 
throughout the process witli the in- 
ternal argon atmosphere. Pressure of 
the eiacuated enx’clope has the effect 
of holding tlic panel components to- 

Pancl is clamped in a frame that 
moves it o\cr the roller table and 
through the furnace. It moves at three 
to E\c indies a minute, and speed of 
the chain drive is controlled by a ther- 
mopile wliich sends signals to a tem- 
perature controlling recorder and con- 
trols a \-ariable speed motor. 

Speed is varied to maintain an cicn 
temperature on the panel and prevent 
warping. 

Front burners preheat the panel to 
about 1,1001', then the second rosv 
of burners heats it to the brazing tem- 
perature of 1,7501’’, Preheating lessens 



STAINLESS STEEL honeycomb panel encased in its envelope and clamped in a chain-driven 
frame moves through the furnace area at Temco Aiietafl Corp. Thermopile suspended over 
the middle rear of the furnace rc^lnlcs panel speed In keep heating uniform. Line running 

internal argon atmosphere. Pressure of evacuated envelope keeps parts together. 



BURNERS which do brazing are under the hood of Tenico’s prototype furnace. 
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tlicriiul shock and helps avoid distoi- 

Tlic brazing zone also puts the panel 
llirough the first stage of the heat treat 

After brazing, the panel is cooled to 
room temperatute and stretch-formed 
to the proper curved shape. This op- 
eration also removes anv minor warping 
lhat may have developed in the brazing 
process. Temco applies tension to the 
panel on an ERCO strclcb press, load- 
ing both faces evenly . A die is then 
brought up, draping the panel across 
its Cline and forming the correct con- 
i’’ iirnace system is in the development 


stage, and engineers arc working on im- 
provements. .A chaiigc in instriinienta- 
tion on the production version will add 
three more thermopiles, and these will 
be used to raise and lower the burners 
over the panel surface to maint.iin an 
even temperature. When this modifi- 
cation is perfected, panels will prob- 
ably be run through the furnace at a 
constant speed. 

Panel Width 

'I'cmeoinbing was developed to 
handle precipitation-hardened stainless 
steel, .such as PI115-7M0 and 17-7P11. 
but it can also be used for titanium 
and other such metals. Panel width is 


now limited to four feet because that 
is the width of the furnace, but wider 
panels can easily be accommodated in 
a production version by’ widening the 
furnace. There Is no limit to panel 
length except the practical limitations 
of the svstem used to feed the iwnci 
to the furnace. 

Using induction heating, Temco lia.s 
also developed a method for brazing 
fasteners to panels and for joining them 
to structure. For fastener provisions, 
panels arc cut and a cup is inserted so 
lhat fasteners can he installed coun- 
tersunk in the panel without CTiisIting 
the honeycomb structure, using an in- 
ternal wrenching bolt. 


Machine Spins, Roll-F orges Metals 


El Scgiindo, Calif.— Combined advan- 
tages of metal spinning and roll forging 
are achieved bv a new machine desig- 
nated Spin P'orge. The 425,000-lb. tool 
cost.s S500.000 and will form metals 
lip to l-in. thick and fiO in. in diameter, 
while reducing wall thicknesses hv up to 
onc-lialf in a single operation. 

The machine offers up new potential 
in the manufacture of large-size parts 
for advanced ramjet and rocket designs. 

Designed and built bv Ilufford Corp., 
a division of the Sicglcr Corp.. to Mar- 
quardt .Aircraft Co. and Airaaft Indus- 
try .Assn, specifications, the machine is 
financed by the Air l’'orcc’.s Air Materiel 
Command. Spin Forge will be used at 
Marquardt's Ogden, Utah, ramjet man- 
ufacturing plant. 

Advantages of Spin Forge arc; 

• Ability to produce shapes of tcvolu- 
tioii such as cy’linders. cones, venturis 
and parabolas, or combinations of these, 

• Reduction of wall thickness in the 
forming operation. 

• Tolerances of up to iO.003 in. in 
wall thickness and diameter for pieces 
up to 60 in. in diameter. 

• Achievement of madiined-iikc Sur- 
faces on finished pieces. 

• Increases in tensile strength of part, 
while decreasing chictility. 

• F'ermation of shapes of revolution 
without weld seams- 

Machine's Ability 

During a dcinonstratiaii, Spin F'orge 
shaped a 60-in. disk of 521 stainless 
steel, l-in. thick, into an outsized wash- 
basin shape, vv’hilc decreasing the metal 
wall thickness bv one-half. Entire op- 
eration took 71 min. Particvilar shape 
was chosen to prove machine’s ability 
as part of Iluflotd's demonstration to 
Marquardt. 

It was emphasized by Ilufford engi- 
neers that the metal w’as not being bent 
to shape ov’cr the mandrel, but was 
being formed by plastic deformation to 
the desired contour. 


Spin I'o/ge operates this wav; 

• Rotating dram with mandrel affixed, 
is moved out from machine hvdrau- 
lieallv- Raw stock then is placed on the 
mandrel- This eliminates need for spe- 
cial handling techniques, since ordinarv 
cranes can be used. 

• Tailstock presses down on work w ith 
a force of 200,000 lb. T.ailstock can also 
exert a pull of 100,000 lb. on work. 

• Dnmi rotates piece at a speed which 
is infinitely variable from 10 to 400 rpm. 
The drum is driven bv’ hy draulic motor 
and has a governing feature which will 
keep surface speed constant regardless 
of diameter variation. 

• Stvius traces on template and sends 
information clcctronieailv to bvdniulic 
actuators for the rollers. The rollers 
can exert up to 225,000 lb. in cither 
a vcrtie.il or horizontal plane. Memory 


feedback infonnation is returned to the 
stylus through this cloctro-hvdraiilic 
system and constantly corrects roller 
positions. Tliis accounts for the close 
tolerances claimed for the finished 

Electrical Heating 

Electrical heating provisions arc pro- 
vided so that metals which cannot be 
cold-formed may be worked at elevated 
temperatures. 

Provision is being made to install 
closed-circuit television cameras for 
viewing the work, so that the operator 
need not move from the control panel. 
T'his also protects personnel if the piece 
being worked has an undetected flaw. 
Due to extreme pressure, flaws in mate- 
rials can cause explosive disintegration. 

Tailstock ptessuto is released, drum 
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STYLUS tracing template; position of stylus 
is transmitted by elcctiohvdiaulic means to 
the rollcrs- 

iind mandrel are mos’cd out from tlie 
machine, and a crane picks up the 
finished part. 

One of the most difficult engineering 
problems in the development of tlie 
machine was the design of the hydraulic 
actuators for the rollers. MuRotd origi- 
nalK sought help from manufacturers 
of hydraulic valves. No one seemed 
vvilliitg to tackle the problem of design- 
ing valves to handle the 225,000 lb. 
actuator pressure and a 3,000-psi. sys- 

Ilufford solved the problem by de- 
signing variable volume pumps and 
eliminating the need for valves. 
Metals Experiments 

IXpcniiiait.iticm in the working of 
various metals is still going on at Mar- 
quardt, including the investigation of 
what Ciin be done with "exotic” metals. 

As an example of what the Spin 
lorge will do. a conventional (1100) 
aluniinum alloy, in a 65% reduction, 
emerged with an increase of 600% in 
vieUl strength while tensile elongation 
decreased from 55 to 5%. 


Titanium also can be processed on 
Spin Forge, according to Marquardt. 
Commercially pure (70.000-psi. vicld 
Strength) and 5.1Al-2.5Sn (.Allo^AT) 
titanium alloys were investigated, and 
while all tests were conducted at ele- 
vated temperatures (S00-1,400F), indi- 
cations are that the commercially pure 
titanium may be worked at room tem- 
perature. While no increase in tensile 
or vield strength is gained in Spin- 
Forging titanium, neither is there a loss. 

Presently, Hufford is disassembling 
the Spin Forge for shipment and erec- 


tion at Marquardt in Ogden. Further 
tests to determine the machine's capa- 
bilities in newer ramjet and rocket appli- 
cations will be conducted. Dovetailing 
with this and future production sched- 
ules. Marquardt will handle other man- 
ufacturers’ requirements which may 
demand the use of the government- 
owned Spin Forge. 

One other machine already is under 
construction for Hufford's own use 
while construction of a third machine 
will he started shortlv for General Elec- 
bicCo. 


Continuous-Path Machine Tool 
Movements Prerecorded on Tape 


Inglewood, Calif.— Micro-Path, a 

simplified svstem for machine tool con- 
hoi that utilizes magnetic tape to store 
a prerecorded program, was demon- 
strated here by Micro-Path, Inc., a sub- 
sidiarv to Topp Industries. 

Svstem costs between S15.000 and 
$25^000. Machines mav be purchased 
in several combinations since units arc 
offered in modular form. 

Recording Tape 

Micro-Path provides a means of rec- 
ording continuous-path machine tool 
movements on tape without use of the 
usual computer programing equipment. 

Basic system can be applied to exist- 
ing machine tools or can be designed 

Recording and playback conhols are 
located on top control panel of console. 
Advantages claimed for Micro-Path sys- 
tem include: 


• Three-axis mobon conboi nece-xsary 
for continuous path work, such as pro- 
file and contour milling as well as point- 
to^int operations such as dtilling. 

• (Greater speeds than manual produc- 
tion methods. 

• Accurate locaHng within .001 in, with 
fail-safe checks preceding each cutting 
operation to ensure accuracy of table 
position relative to program. 

• Fully loaded cutters operating at 
maximum efficiency on every cut. 

• Rapid traverse between cuts with cor- 
rect feed rates on cutting operations 
without loss of time between opeta- 

• Accurate duplication of parts without 
jigs or locating fixbtrcs. 

• Reduced scrap and inspection time 
and material cost. 

• Reduced programing time. 

• Elimination of specially hained opera- 


DIES ace produced with Micro-Path contour table and bank of eight vertical drilling beads. 
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GenergI Electric J85 Variations 


Hircc models of the General CIccbic J85 lightweight turbojet engino each have a different 
a|)plieation, J85-1 in foreground is irrotobpe engine for Northrop T-38 supersonic jet 
trainer, fust behind it Is J85-3, powecplant'foc McDonnell G.\M-72 decoy missile, and at 
right is J85-X, which powers the prototype Norlh American T-39 Sabrclinct. 


PRODUCTION BRIEFING 


Topp Industries, Inc. of Los Angeles, 
ha.s announced formation of U-S. 
Science Cotp. New company, a wholly- 
owned subsidiarv. will acquire opera- 
tions of "I’opp ^lanufacturing Co., a 
division of 'I’opp Industries, 

Switzer Brothers, Inc-, Cleveland, 
Ohio, will furnish the Nav y with 30,000 
gal. of Dav-Glo fire orange ;iircraft 
iwint. Included in the 30,000 gal. is a 
clo-.ir overcoat nliicli resists the hiding 
effects of the sun. High visibility paint 
is intended to aid in me prevention of 
midair collisions- 

Clcvelarsd Acro-S]Kicc Assn-, a group 
formed to bring major missile contracts 
to the Cleveland. Ohio area, has ap- 
pointed Clenn G. Anderson as group 
administnitor. Anderson, tinphivcd by 
the Cluvcl.ind Electric illuminab’iig 
Co., vvill be "on loan" to the newlv 
formed ot|iinization to guide its itiitial 

Standard Railway Equipment Mfg, 
Co., Chicago, III. will produce 1.280 
ft. of skvl Blast fencing tor installation 
at Egliii AI''B, Fla. Bkist fence, to be 
plaa'd at runwav- ends in 80 to 100 ft. 
lengths, vvill he solid sheet steel, 10 
ft. high. 

SKF Industries, Inc„ Philadelphia. 
Pa., has acquired Reed Instrument 


Bearing Co., Los Angeles, Calif. Reed, 
operating as a division of SKF, will 
bring the bearing corporation into the 
aircraft instrumentation and missile 
Isc-.iring field. 

Telecomputing Coqs., Los Angeles, 
Calif., will build inolur-operated but- 
terfly shut-off valves for Pratt & 3Vhit- 
ncy engines under 5501,116 contract. 
\'alvcs, produced by the corporation’s 
Whittaker Controls Division, ate used 
in the antt-icing system of the J57 tur- 
bojet engjnc. 

Follovv-on conhacts for component 
production on Boeing B-52G missile 
platform bomber have been awarded to 
I'cmco Aircraft Coro. |S7 million) and 
Goodve-Jt Aircraft Corp. (S2 million), 
remeo will continue construction of 
58-ft. aft fuselage sections; Goodyear is 
building center wing sections and top 
panels at its Litchfield, Ariz.. pl.mt. 

Failipse-Pioncct Division of Bendix 
.Aviation Cotp. vvill start prodnetion of 
air data coinputcrs for McDonnell 
F-101 and Republic K-105 fighters this 
spring, on Ihc basis of a S9,-H0.-I17 con- 
tract awarded bv U. S. Air I'orcc. Simi- 
lar computers have been ordered for 
Convait I'‘-I06 and Convait B-58. 

Royal Netherlands .Air Force has or- 
dered six Slid Av ration .Alouette helicop- 
ters. Delivetv of the (urbine-povvtreil 
airaaft will be completed in summer. 




Barber-Coi-man Company 
Dept. 0-1422 Ro<l: Street. Rockford, IIITnsil 



design-procurement! 


It's the key to a wide range 
of pre-tooled filler caps and 
components. Units adaptable 
to aircraft, missile, ordnance 
and other activity fueling 
systems. Many combinations 
direct from stock. Why 
duplicate? Write for your 
guide lodayl 

SPE2CO 

DIVISION OF KELSn’-HArES COMPAKT 
spRiNeeisLO. OHIO 
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SAFETY 


CAB Accident Investigation Report; 

PanAm Crash Cause Remains ‘Unknown’ 


Pan American Flight a Boeing 577, 
N 90744, was lost in the Pacific Ocean ap- 
prorciinately midway betsveen San Francisco, 
Calif., and Honolulu. Teniton of Haaaii. 
on Nov. 9, 1957. at 1627 local lime. An cs- 
tensive sea and air seaicli over thmusands of 
square miles of ocean ensued. Bodies of 19 
of the 44 occupants were found as were 
small and light aitciaft parts and cargo. 

HISTORY OF THE FLIGHT 

Clipper 944,‘ a regularly scheduled 
aronnd-thesvorld flight, originated at San 
Francisco with its first stop scheduled at 
Honolulu. It departed San Francisco at 
1951’ on Nov. S estimating arrival at Hono- 
lulu at 0550, Nov. 9. Tlierc were 56 MS- 
sengers and a crew consisting of Capt. Gor- 
don H. Brown, First Officer William P. 
5\'ygant, Second Officer William H. Forten- 
berry. Flight Engineer Albert F. Pinatato. 
Purser Oliver E. Crosthnailc, Stewardesses 
Yi'onne L. Alexander and Marie L. Mc- 
Grath, and Flight Service Supenisor John 
E King. 

Ihe flight plan specified a cruising alti- 
tude of 10,000 ft. and a true airspeed of 
226 fct. Gross weight at dcparlnrc was 14',- 
GOO lb., the maximum alloviahic. and the 
weight included fuel for approximately 15 
h*. Good weather was forecast for the dura- 
tion of the Bight. 

All required position reports were nude 
and Clipper 944 reported to Ocean Station 
vessel “November’’ at 0050; its position was 
fixed bv radar as 10 mi. e.sst of the vessel. 
The last position report, at 0104. was rou- 
line with no indication of anything unusual. 

at 0204, was not rcccivcTand 30 mm, therc- 
aflcc llie flight was designated imreportcd. 

INVESTIGATION 

Search and Rescue operations were initi- 
aled immediatch'. Coast Guard surface ves- 
sels, air carrier airr-nift. Air Force aircraft, 
and the U.S. Navy aircraft carrier "Philip- 
pine Sea.’’ using its aircraft, participated. 

On Nov, 14, the fifth day of search, air- 
craft from the carrier located bodies and 
ixiih of wreckage some 940 mi. cast of 
Honolulu and approximately 90 mi- north 
of the flight’s intended track. The next dav 
additional bodies were reewered making a 
total of nineteen. Fourteen of these wore 
lifejaekets. Bodies and material were taken 
aboard the carrier. Continuing intense 
search was unproductive and wus abandoned 
on the evening of Nov. 15. 

Meanwhile, investigating groups liad been 
formed under Ihe direction of the Civil 
.'.cronantics Board. Two Board investigators, 
representatives of Pan American World .Air- 
ways and the CAA, and two pathologists of 

■Cbmpony Ueatgnallon of Flight 7, uains the 



the Armed Forces Institute of Pathology on 
loan to the Board, were flown to the carrier, 
then at sea en route to Long Beach, Calif. 
This permitted initiation of tSe investigation 
a full day before the carrier docked. Tlie 
wreckage was briefly examined by the medi- 
cal members and investigators with the pros- 
pect of gaining some insight of possible 
medical problems that might be cncoiint- 
eicd- 

Extcnial crimination of the bodies was 
made, carefully noting all external injuries. 
Tlicrc isas no evidence of foni play found 
on any of the tccoscrcd bodies. Tentative 
identification was established in those eases 
where possilsle. All valuable pcrvonal items 
vvxirc inventoried and preserved under the 
.•.iipervisioii of one of the ship’s chaplains. 

Preliminary cx.amirration of the limited 
amount of material aboard the aircraft car- 
rier established that it was from N 90944. 

area at the Pan American overhaul base at 
San Francisco where further examination 
was made hy Board investigators. Various 
pieces were identified individnallv and rela- 
tive lo one another and a detailed examina- 
tion of the pieces vvas made. 

Recovered Material 

The recovered material consisted chiefly 
of fuselage sceoiidaiy structure, fuselage in- 
terior trim and equipment items, and num- 
erous separate packets of mail and mail b,igs. 
Only one piece of wreckage from pacts of 
the aircraft other than the fuselage was re- 
covered; lliis was a section of engine cowl 
support ring, which was found imbedded in 
a floating pillow. It could not be determined 
from vvliich powerplant this piece of ring 
came. No portions of the main airframe 
structure were found. The recovered fuse- 
lage pieces were gcnerallv from the areas 
ahead of the tear pressure bulkhead. Tlic 
pieces were from both above and below the 
cabin Rnorlinc. and a somewliat greater 
amount of the material liad come from the 
right side of the fuselage. 

Some of the recovered pieces bore distinct 
evidence of fire damage. However, it was 
determined that the fire damage on all 
pieces was on those portions which floated 
above the water. No evidence of Inflraht fire 
vvas found on any of the recovered fiisclage 
rrratcrial. Fire markings were fairly uniform 
over material from all positions in the fuse- 
lage. iiichiding mail and cabin material, and 
each charred piece had a definite waterline 
below which charring did not occur, Labo- 
ratory tests of the charred pieces disclosed 
no evidence of prohibited or explosive inatc- 

Baiid investigators carefully examined the 
recovered debris for evidence of an inflight 
explosion. This examination included a 
thorough inspection of recovered items of 
cargo, passenger effects, and mail. No evi- 
dence of an inflight explosion in the fuse- 
lage w-.is found. 


Cargo manifests were examined to deter- 
mine whether any explosive or otherwise 
dangerous material was aboard. A shipment 
of sodium sulfide hud been in tlie forward 
cargo compartment. A check with the ship- 
per disclosed that the packaging consisted of 
one poimd in a scaled gbss containci and 
one foutth pound also in a sealed glass con- 
tainer padded from each other and the 
shipping container, which was a wooden box 
15 iii-V II in. by 9 in. It was further 
learned from the shipper that the material 
consisted of crysUllinc sodium sulfide of 
the highest ACS (American Chemical So- 
cictyl grade of purity and was the only 
cheinlcai compound shipped in the box. 
It had been packaged in accordance with 
prescribed regulations. 

Sulfide Handling 

Sodium sulfide is a chemically reactive 
flammable solid. It is normally shipped in 
airtight containers in a yellow crystalline 
form which even if exposed to air would be 
safe to handle and to transpott. Ciystalline 
sodium sulfide in contact with moisture 
would generate hydrogen sulfide gas. which 
is toxic, at a slow detectable rate. The 
amount of hydrogen sulfide generated would 
not be great or dangerous before its very 
foul and characteristic odor of rotten eggs 
would alert the crew to take emergency pro- 
cedures — i.e.. use a smoke mask, and dc- 
prcssiirixc the aircraft and ventibte. ’This 
material is rather widely vised indvistiially 
and its shipment hv air is not uncommon. 

■Mso liieliidcil in the cargo was a package 
containing a small amount of radioactive 
medicine which had also been packaged In 
accordance with prescribed regulations. It 
was reported to h.ivc lieen sealed in a Bab- 
bitt inet.al capsule about one inch long con- 
tained in a hcrmeticallv scaled can. This 
can was then placed in a cardboard carton 
which was identified bv a bbcl indicating 

Neither of these two shipments was re- 
covered hut tlicrc is no reason to suimccl 
tliat cither one contributed to the accident. 
The rem-aindet of the cargo consisted of 
routine mall, baggage, and express shipments 


which included several barrels of tranquil 
izer and several shipments of movie film of 
the ’’Safely’’ tvpc. 

N 90944 was equipped with two com- 
plete high frequency radio transmitting and 
receiving systems. The tw o systems were also 
equipped with SELC.AL w-hicK provides 
ground-to-air selected calling, eliminating 
the need for continuems pilot monitoring of 
the high frequency communication equip- 
ment of the aircraft. The ground equipment 
generates preset coded tones which are 
transmitted on voice communication fte 


I receipt of the particular tone code 
aircraft decoder activates the cock- 
cal! chime and signal light. This 
k\L phone is on the control pedestal 
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been ptc^cnt in the iiiliabitcd poitiont of 
the fuit'lage. To accomplisli the latter ob- 
jective a Board investigating group made a 
detailed study of the Boeing 377 systems to 
dctcnninc possible inaUuiictions which could 
lead to the generation of carbon monoxide. 
These svere considered with probable varia- 
tions in the pattern of airflow throughout 
the fuselage. 

'Hiis studs' disclosed that high Ics'els of 
carbon niorioxide could be generated and 
distributed unevenlv throughout the fuse- 
lage in .ses cral svays. I [own er, it ss-as im- 
possible to relate the elevation of carbon 
monoxide found in bodies with the seating 
arrangement and, consequently, with the 
source of the carlson monoxide. 

Medie-jl tests have continued from the 
time of the accident to the present to verify 
the initial findings relative to cncison monox- 
ide concentrations in certain of the bodies. 
These tests, conducted independently by 
different federal agencies, verifltd the con- 
centrations as found initially but raised doubt 
as to the suitabilitv of uuv test method be- 
cause of the decomposed state of the bodies. 
Additional studies are prc.scntiv being per- 
formed which may answer the question re- 
garding reliabilitv of carbon monoxide re- 
sults in coses of post-mortein decomposi- 
tion, hut os yet this question is unsolv^. 

Watches Recovered 

rive recoi-ered wrist watches were cxiin- 
ined hy a competent watch maker to estab- 
lish an approximate time of impact. Of 
these, two had been stopped bv impact at 
26 and 27 min. past the hour, respectively. 
Txvo were automatic winding, .shockproof 
and waterproof, and one of these was still 
tunning, shosving the correct time when re- 
ctieted. The other was full of water and 
had stopped at 35 min. past the hour. Since 
the ■■waterproof’’ c-a.se was int-acl and showed 
no phj-sical damage, it was concluded that 
it rail for some time bcfoic being stopped 
bj- water seeping in. The remaining watch, 
which had a iionwntcrpioof case, had 
stopped at 28 niin. past flic hour and had 
water inside. This was Considered to be the 
probable cause of stoppage. Considering the 
waterproof intc|titv of the case of the watch 
showing 35 min. past the hour and eliminat- 
ing the one still running, a probable time 
impact was established as 27 min. past the 
hour. Since the aia-raft had reported at 
OlO-f and did not report, os sdiHuled. at 
P13-1, the time of the crash is concluded to 
have been 0127. 

-An inspection was made of all company 
mainteiLince records of N 90944. This in- 
cluded records of the aircr.-ift structure, 
pon-erplants. and all accessories. A detailed 
stud) of these records, which were adequate 
and in good order, showed that all air- 
worthiness directives had been complied 
with and that no known discrepancies ex- 
isted at the time the aircraft was dispatched 
on this flight. The aircraft, a Boeing 377, 
was manufactured by the Boeing Airplane 
Co. on ,\ug. 19, 1949. Pan American ac- 
quired it on Sept. 28. 1950, and it had been ' 
operated in air carrier service since that date. 
It had been progressively maintained and 
was currently certificated." 

-whereliy ovcrtiaula of aircraft are diviaeci 


ablv died from drowning. Kurther, the lack 
of extensive crash-induced mutilation, to- 
gether with the genera! condition of the 
bodies, su^ested that the water impact, al- 
though severe, was not sufficiently great to 
cause complete disintegration of the aircraft. 

Life preservers were found on 14 bodies- 
two of them children. One of the recovered 
bodies, wearing a life preserver, was one of 
the stewardesses who was still strapped by 
her safets- belt to a scat. 

Bruises and abrasions on the thighs of the 
captain's and the purser’s bodies indicated 
that their scat belts also were fastened at the 


time of impact. Similar indications were 
lacking on other bodies. The medical exam- 
ination further disclosed that none of the 
bodies had been subjected to fire before or 
after impact. 

As part of the pathological examination, 
a scries of tests for toxic materia] was con- 
ducted. [ntti.il1v these tests indicated ele- 
vated levels of cnihoii monoxide in several of 
the recovered bodies, 'lliis preliminary find- 
ing indicated (1) the need for further cor- 
roborating tests, and (2 ) that a study should 
be uiidcrtakeii to determine how high con- 
centrations of carbon monoxide could luve 


Convertible Jets for VTOL Aircraft 

Use of convertible turbine engines to efficiently provide snfficieot power fos vertical takeoff 
and economical, low-weight propulsion for forward cruise flight is being studied by General 
Electric’s Flight Propulsion Laboratory Department, Ciucinuati, Ohio. Proposals shown, 
using General Electric ]65 turbines, would duct hot gas to a turbine driving one or more 
lifting fans for vertical takeoff and landing: for level flight, the system wnuld be converted 
to provide conventional turbojet power. Valves in the duct and engine tailpipe would 
control gas flow. General Electric design study (top) envisages a four-engine 30,000-lb. 
Vl’OL transport capable of carrying a 4.000-lb. payload for 600 naut. mi. at speeds up to 
320 kt. By interconnecting gas generators and fatrs, engine-ont safety could be provided, 
General Electric notes. Another proposal (bottom) depicts a twio-engine Army observation 
aircraft weighing 13,500 Ib, including 600-lb. of electronic equipment. Maximum flight 
speed at sea level could be 550 kt., crubc radius 200 naut. mi. with two-hour loiter time. 
Without loiter time cruise range would be 700 mi. 1'wo J85 engines would drive a single 
lift fan buried in the fuselage behind the cockpit. 


The aircraft was equipped with four Pratt 
& Whitney model 4360B-6 engines. 

Propellers installed on these engines were 
Hamilton Standard model No. 34E60-349, 
blade model 70I5B.2, The propeller domes 
li.id Ineotpotafed the recently developed 
speed sensitive pitch lock to minimize un- 
controlled engine overspecds. Tlie blades 
were solid aluminum. -Ml bl.rdes and liiibs 
of each propeller had been oveiliaiiled and 
maintained as complete units since new. 
Records of llic carrier’s fleet of Boeing 377’s 
in the Pacific-.AIaska Division were cx.-im- 
ined and revealed that no propeller struc- 
tural failures had oceuircxi since the adop- 
tion of this model propeller.’ None of the 
propellers on this particular aircraft had been 
involved in any ovetspeeding incident. Each 
engine was equipped with a General Electric 
model CIIIO turbosuperchaiger. These pro- 
vided pressurized air Ici the cabin air con- 
ditioning system as well os air for engine 
supercharging. 

Loud Noise 

On Sept. 19, 1957. when N 90944 was on 
.1 trip from lloiioluiii to San Francisco, the 
uew- heard a loud noise. It was described as 
similar to dropping the navigation stool on 
the flight deck. The captain made a check 
of the lower nose CO, bottles and the for- 
ward cargo compartment, accessible through 
a floor hatcli in the cockpit. The antennas 
were checked through the octant mid even-, 
thing was found iioiinal. This incident was 
written up on the flight engineer's log (Dis- 
crepancy Report) and, in addition, suspect- 
ing ,1 tire blowout, a lire check was re- 
quested by the captain prior to landing at 
San Francisco. I'liis wav aexomplished by 
extending the gear and requesting a visual 
check by tower personnel. No tire danrage 
was observed and a normal landing was 

Since this incident was written up as a 
discrcpancv, it requited an inspection which 
was signed off with the following action by 
a company inspector. "Inspected aircraft 
and found no damage outside.’' Inasmuch 
as this indicated no interior inspection of 
the aircraft. Board investigators further ques- 
tioned the company inspector who signed off 
the discrcpancv. His vtalcnient of action 
taken follows: "Inspected lower nose and 
forward cargo eomprtmciit, .ilso exterior 
of aircraft. Found yon could duplicate loud 
noise by stepping hard on door liclwcen 
lockpit and cargo. .Also loud trang could be 
duplicated bv dropping forward toilet lid. 
Nothing .ibnonnal toimd.'’ 

'IVo "hard’’ landings had been reported 
hv crews on June 4. 1957, and Oct- 3, 
I95“. respcctivclv. Following lire first, in- 
spection of the aircraft (N 90944 i hv cer 
tificated mechanics included .i visual in- 
spection of all outer skins for wrinkles, fuel 
slams ill cell areas, cracks or damage to land- 
ing gear, lowering of flaps and inspection of 
flap area and landing flaps themselves. No 
visible rlamage was fotiucJ. One item in the 
inspection required in the manual, namely, 
removal of a surface cover for inspection of 
the W'ing spar webs, was omitted: liosvevcr, 
the mechanics who performed the inspec- 
tion were satisfied that tlicrc was no daurage 

prnpeller which la conaiderAbly heavier than 
the model previously uaed. 


to the aircraft and accordingly ''signed off" 
the inspection form. 'Die second liard land- 
ing was followed hv ,ui inspection which ssas 
reported vcrhally bv the inspecting me- 
cliinic. to the captain of the flight, as 
complete. I'hi.s vcrb.il report w-.is accepted 
h) the captain since in his opinion the 
landing was not sufficiently hard to warrant 
a written report. 

N 90944 li:id inadc 41 flights during the 
period Sept. 19 to Nov. 8, 1957, the date 
of Clipper 944’s departute from San Fran- 
cisco. The pilots on these flights were ques- 
tioned regarding am- unusual noises, turbu- 
lcn« encoimtered in flight, hard lamlmg, 
or any other significant occurrences, which 
were not made a matter of record. Nothing 
was reported tliat shed am- light on tire- 
accident. 

Final Inspection 

The bst preflight inspection was started 
on Nov. 6. I95“, and continued until the 
date of departure, Nov. 8. 1957. .All items 
required had been checked ami signed off 
by .ippiopiiale m.iinleuaiice personnel. 

During the course of the mvestig.itioii, 
and in view of the eifcumst.mces of the diiw 
appearance of the aircraft and the .ihscnce 
of living witnesses or crew members, .in ex- 
tensive investigation of personal activities 
am! backgrounds of crew, passengers, and 
company ground personnel of the San Fran- 
cisco base of P.AW.A w:is made hv C.AB and 
other govcrmiiciital agency personnel. 

This investigation iiK-liuled personal in- 
terviews with all personnel who might have 
had access to the aireiall for .my reason 
while the aircraft w.is on the ground on its 
last stopos-er at San I-'raiicisco from Nov . 6, 
1957, to Nov . 8. 1957. and involved sonic 
98 persons. Tin's ph.isc of the mvesligalion 


disclosed that the jirerafl received notm.il 
preparation for the flight and disclosed noth- 
ing relative to the character or lichavint of 
any person that might point to sabotage in 
connection with the losv of the nircrafl. 

Specific Maintenance 

Subsequent to the public hearing, the 
Board ceindneted an investigation of spe- 
rific maintenance and overhaul pioctices .ind 
occurrences at the carrier's San f-'rairusco 
base. The purpo.se of this investigation was 
to obtain inflormation bv vvlrieii m.imle- 
naiice adequaev of the carrier's Bcre-iiig 3"“ 
aircraft and powctplants could he evaluated: 
consequently , a pact of the Invc-stlgallon ce- 
l.ilcd directiv to these aircraft. 

numbCT of irregularities in niamte- 
nance procedures and/or practices were 
noted. However, because the .lirplaire- was 
k/st at sea with no message giving am clue 
as to the nature of the emergenev and be- 
cause there was no direct application of 
these icregulacitre-s to 944, it is obviously im- 
possible to associate them with, or dis.isso- 
elate them from, the accident. 

The subjects of emergenev procedures, 
and crew training and eoinpctciicy therein, 
vvcrc investigated, ft wav established that 
the C'ompam's cmc-rgenv-v training cuiric-ula, 
including ditching, fire fighting and smoke 
esacnation perre-edures, were adequate and 
that all crew nre-niK-ts of N 9094-f had suc- 
ccssfnllv completed the required training. 

It is obvious from the Inscstigatiun por- 
tion of this report th.it an analysis to arrive 
at the probable cause of the accident is seri- 
ously handicapped by the scarcitv of plivsi- 
cal e-vidence. However, the following seems 

If a latge-scalE fire had occnrrexl in the 



Rolls-Royce Conway Mounted on 707-420 

First Rolls-Royce Conway turbojet engine, rated at 17.000 lb. thrust. Is mounted on Boeing 
707-420 Intercontinent-a! transport being built for British Ovetse-as .Airways Corp. The 
707-420 is the first of 15 IntcrouiitinentaU ordered by BOAC, Conwav engines also will 
be used on 707-420s ordered by Lufthansa, Vatig Airlines and .Air-lndia Interivatinnal U. 
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San Francisco Int-ernational Airport Design Proposal 

Architect’s drawing of proposed development of San Francisco International Airport terminat facilities envisions two new terminals 
(Y-shaped strachires); new piers eoiincctiog concourses and three-level parking structure. Design is by Welton Beckett & Associates. 


lounge area, some evidence of such fire 
would most probably be present in the re- 
covered pieces. Since none was found, it is 
aason.ible to conclude that a large-scale 
fire did not occur in any of these areas. 
Tlicrc was no physical evidence to indicate 
the occurrence of a posverplant or localized 
fuselage fire nor «as there any evidence to 
indicate that there was no sneli fire. .Al- 
though a powerplant or localized fuselige 
fire would not immediately destroy the 
sfmctuial integfits of the aiiirraft, both the 
indicated lack of directional control and 
absence of any distress message could well 
be associated with this kind of emergency. 
Fire Domage 

Sucli fire could generate considerable 
Huantities of smoke which might present 
serious difficulties to the crew. However, 
ecjuipiiicnt is prosided to comliit such an 
emergency .and the crew is trained in its 
use. Fire damage that was observed on the 
floating debris was confined to those siirlaccs 
which were above the waterline. Obviously, 
this damage could have been c-jused only 
by a surface fire following impict. 

Clippcr 944 made five routine hourly po 
sition reports after its departure from' S,iii 
Francisco, the last one 21 niiii. prior to im- 
pact with the water. After the last routine 
position ftansmissicn, 4hc aircraft descended 
front 10.000 ft. going awav from Ocean Sta- 
tion "November" which it had passed some 
min. before, 

•\s has been stated, the location of im- 
pact was computed to be in the vicinih of 
latitude 29 deg., 26 min. north and longi- 
tude 144 deg,. ?4 min. west. This is ap- 
prosiriiatcl) lOi mi. west of the last position 
established for the aircraft and about 40 deg. 
off course to the right or north. Laick of 


knowledge of both the time snd start of 
descent and precise impact point makes it 
impossible to determine bv analytical means, 
or otherwise, the airspeed or the descent 
rate existing during the descent. 

A fairly fiat angle of impact is indicated 
by the nature of damage to the recovered 
material, its location within the aircraft, and 
by the lack of severe mulilitioii of bodies. 
The part of the aircraft from which the 
recovered wreckage came indicated breakage 
of the fuselage at about the same locations 
as has occurred on previous sutvivable ditch- 
ings of the same model airenft. Tlicsc- 
circumstances suggcAt a nearlv surviv.ible 
ditching may have been accomplished. From 
this it would logically follow that some- 
control may have been available at the lime 
of vvater impact. 

Exercise of such control would tend to 
rule out crew incapacitation. 

However, tw-o pertinent conclusions re- 
garding the final portion of the flight ate 
evident. Consideration of the distanev 
flown from the last reported position to 
the impact point, and of the time required 
to traverse that distance shows that the 
flight did not turn hack toward Ocean Sta- 
tion ''November." .Also, the ditching to 
the north of the planned route indic-.ites 
that appreciable lateral distance, not on 
course and away from the ocean station, 
was traversed after the start of the emer- 
gency-. 

It is difficult to under.itand why the cap- 
tain would have elected to continue awav 
from "November" had he been abie to do 
otherwise. Weather was not a factor and 
it is not believed that the shipping lanes 
to the north offered any inducement to luiii 
in that diiectiou, Conv-crscly "November,’’ 
a fixed ocean station equipped with radio 


homing and radar dcv-iccs and rescue equip 
ment. was in close proximity with trained 
personnel readily available. 

The condition of the sea at the time and 
place of the ditching is not known prcciselv. 
but it should not have been apprci-iablv 
different from tiiat existing at the weather 
vessel 105 mi. to the east. That vcsscl’-s 
official observation at OOOO. one hour and 
27 min. before the ditching, included: waves 
from 400 deg. at a frequency of 11-1? sec. 
with a mean maximum height a 8 ft. Sur- 
face winds were southwest 11 kl. These 
conditions would produce a usable sea siir 
face for ditching. One airline captain en 
route near the place and close to the time 
of the ditching stated that seldom had lie 
scen the sea conditions more favorable for 
ditching. Chic consideration of all these 
factors leads to the belief that either loss 
of directional control or crew- ineapacitation 
was the possible cause of the aircraft pro 
ceeding aw-ay from "November" after the 
start of the cmcrgcncv. 

Previous Emergencies 

There is a record of previous cmcrgencicv 
involving Boeing 377 aircraft which were 
atx'omp.micd by serious directional c-ontrol 
difficulties. Emergencies referred to, except 
one, followed complete .separ.ition of a 
pow^hn! from the aircraft- The one ex- 
ception occurred following takeoff with thc 
cow-1 flaps fully open. (Simmon to all of 
these occurrences was heaw buffeting in 
flight and m the c-ase of povvcrplant separa- 
tion, great difficulty in simultancoiislv main- 
taining altitude anrj directional contrril. Such 
occurrences bear a striking resemblance to 
what appears verv- likcls to have occntinl 
to 944. 

Buffeting, which can be sufficiently violent 
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as to cause concern for the structural in- 
tegrity of the aircraft, is most likely cauKd 
by disrupted airflow over the empennage. 
Disrupted air flow-, in trim, usually results 
from some occurrence which disturbs the 
smooth outer shell of the airaalt. such as 
an object passing through the fuselage; an 
explosion ill an engine nacelle, wing leading 
edge, or the favelagc; or an engine being 
wicncherl from the aircraft. ,\ fuselage ex- 
plosion has been dicouated. Though not 
indicated tactually or historicallv in any- 
manner with respect to the ptripellets in 
use, failure of a propeller blade or portion 
thereof, or s^ration of an entire propeller 
by engine failiuc or nacelle explosion either 
ftom explosive fumes or turbovupcichaigei 
failnrc, are the most likely- cause of the 
kind of damage being considered. These pos- 
sibilities and their cimsequcne.-s are also 
suggestive of what mav have happened to 
N 90944. 

Lack of any known message from the air- 
craft after start of the emergenty may be 
related to fuselage exteinal and/n'r internal 
damage which biokc antennas andlnr r.inscd 
major damage to the electrical distribution 
system. In view of conclusions elsewhere in 
the analysis, crew incapacitation is a definite 
possibility. 

Since pathological study indicated the 
possibility of carbon monoxide in the cabin 
prior to impact, the- most likely souiecs 
thereof must be considered. CO is gener- 
ated in most any type of a fire (electrical, 
combustible fluids and solids) or hv the 
tlicrm.a] decomposition of many substances. 
A large fire within the fuselage is not com- 
patible with the condition of the rec-oveted 
wreckage so a smouldering fire w-oiild appear 
to be more likely. SncIi a fire would cause 
considerable smoke In the cabin, in addition 
to the carbon monoxide, and contribute to 
the offcoursc location of the crash but 
should have been controlled by the cmci- 
gency- fire fighting equipment caiiied on 
board unless the fire had ignited some mate- 
rial like nitrate film. Such a fire should not 
have created the need for an iinmcdiale 
ditching unless the smoke accoiiipanving it 
was excessive and irril.-itiiig and the fire vras 
uncontrollable. 

Component Failure 

A more probable source of CO w-ould 
be an unusual nceuicnce in a power pack- 
age w-hich could have initiated a chain of 
events leading to the introduction oi carbon 
monoxide into the fuselage. Such an unusual 
occurrence could be a failure which would 
release part of a propeller blade or the entire 
propeller, or a failed turboxnpercliarger disk. 
It is likclv that such an occiitrence would 
be accompanied hv serious flight control 
problems and possiblv fire. If a propelled 
object, such as a piopellcr, came through the 
fuselage it could easily start a fire, knock 
out some radio equipment, make emergency 
smoke evacuation procedures ineffective, 
and destroy the acvv's cmcrgcncv- oxvgen 
supply. Such an occurrence fits the known 
ciK-uiiistanc-cs better than any- of the other 

.A third type of CO source which also 
fits most of the known circumstances is the 
malicious introduction of pure CO into the 
cabin and preferably the flight deck. CO 
unaccompanied by smoke would not he 
recognized by the crew and occupants and 


symptomatic quantities could be absorbed 
by the crew before they realized it. Under 
these circumstances complete incapacitation 
of the ciew would resiilt and the aiicraft 
could have bextn flown into the water. 

Several techniques have been used in the 

carbon monoxide in bodies of accident vic- 
tims. Because of the violence associated 
with certain ty-pes of aircraft accidents the 
applicability of the results of some Icch- 
niqiies and methods had been subject to 
question. The results were even more ques- 
tionable when the bodies had passed tliiongli 
certain stages of putrefaction. Since the 
be^nning of the Board's investigation of 
this accident the .Armed Forces Institute of 
Pathologv- has devotixi considerable time 
to verifying the suitability of the vatinus 
Ic.sting methods available. 

Further, and mote important, a new 
technique was evolved which .id.ipted the 
use of gas chtomotogiapliy to the determina- 
tion of carbon mono.xidc lev-els in the blood 
of accident victims. This new technique 
was demonstrated to be both spccifit and 
applicable foi use on the bodies which were 
not exposed to advanced port-niortem de- 

111 a recent Nav-y accident, which involved 
multiple casualties and similar exposure to 
waim sea w-ater, two of the eight imtiiedi- 
alely- lethal fatalities demonstrated elevated 
CO values. In that accident there was no 
inflight flic, but a post-impact suilacc fire 
did occur. This casts some doubt on the 
nearly established conclusion that carbon 
monoxide is not a bvpioducl of advanced 
stages of post-mortem decomposition. Ihis 
question may take a considerable amount of 
time to resolve. Tlie Board’s report is 
being released, nevertheless, in the abseircc 
of a satisfactorily established cause. 

The Board is deeply indebted to the 
.Armed Forces Institute of Pathology for 
its valuable assistance in the imesli^tion 
of this accident and its reseaich vvliitli con- 


tinues and has already made a significant 
contribution to the Geld of aviation medicine 
and airplane accident investigation. 

The maintenance history of 944, as ob- 
tained from the records, was, in the main, 
normal and there was nothing that eonlil 
be related rlircctly to the accident. How- 
ever, in view of the incomplete hard-landing 
check at San Francisco, and the somewhat 
cursory- check following the report of a 
"loud noise" in flight, at San Francisco, 
maintenance and the airw-orthiness of the 
aircraft cannot be accepted as being normal 
in all rcspects- 
Inspection Omission 

The omission of the main spar iiispccllon 
during the hard-landing check climin.vted an 
important and what is probably the most 
oncious and time-convnming step of the 
procedure. This omission is considered to 
be significant and indicates that in this 
instance at least expediency rather than 
thoroughness prevailed. It can only he con- 
cluded that the "loud-noise’’ cheek w-as at 
best cursory. The Board's invastigition ol 
specific maintenance practices .it ^n Fran- 
cisco established these practices as not being 
entirely- isolated cases. 

Ilow-ever. the Bo.-ird did find at the time 
of this investigation that the carrier was in 
the process of reviewing and, whete neccs- 

procedures. This effort also included a re* 
alignment of some peisonnel assignments 
and responsibilities. Furthermore, the re- 
sults of iiiaiiilen.mce investigation wane 
called to the attention of the CAA, by 
memorandum dated Mar. 19, 1958, with 
a recommendation that P.AW.A inamtenaiicc 
ptactices he reassessed. The C.A.A has ad- 
vised that suitable corrective measures have 

There was no evidence of a bomb-type 
explosion within the fuselage. Had a large- 
scale bomb explosion occurred in the fuse- 
lage (cabin, coekpit, baggage compartnieiits, 



Qantas Get'S Boeing 707 Simulator 


Boeing 707 siiimbtor, built by Link .Aviation Co., will be airlifted to Svdnev, .Anstralia. 
for use in Qanta,s ICmpire .Airways jet transport crew training programs. Qantas simulator is 
first .such training unit delivered by Link to a non-U. S. airline. Simulator will be flown to 
Sydney by- two Qantas 1040H Lockheed Clflnstellations and two Roval Australian Air Fotre 
Lockheed C-130 transports. 
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Fairchild Delivers F-27 to Bonanza 


Faircliild F>27A turboprop transport, Hith Bonanza Air Lines markings, crruises over Hoover 
Dam en route to Bonanza's Las Vegas, Nev., headquarters. Airiine plans to start F.27 
service this month; six of the turboprop transports have been ordered. 


and/or lounge), evidence of this would un- 
doubtedly have been found on some of the 
recovered WTCckagc material as well as on 
the bodies. 

FINDINGS 

On the basis of all available evidence the 
Board finds that: 

I. Tlic crew, aircraft, and carrier were 
eurrcutlv certificated. 

2- The flight was properly planned and 
dispatc hed. 

V The gross weight of the aircraft at the 
time of takeoff was 147,000 lb., the maxi- 
mum allounblc. 

4. Progress of the flight and position re- 
ports were normal and routine for more 
than half of the planned flight distance. 

5. Shortly after the bst routine report 
an emergency of undetermined nature oc- 
curred. 

6. This was followed bs’ a descent from 

10.000 ft. 

7. No emergency- message was received 
from the aircraft. 

S. Some preparation for ditching was 
accomplished. 

9. 'Uic aircraft broke up on impact. 

10. A surface fire then occurred. 

II. Weather was not a factor. 

12. r.xposutc of the crew to carbon 
monoxide n-as indicated but incapacitation 
could not be definitely established. 

13. No evidence of foul play or sabotage 

14. Irregularities of maintenance practices 
and/or procedures disclosed during the in- 
vestigation could not be linked to tlie 
accident. 

Tlie Board has insufficient tangible evi- 
dence at this time to determine tlic cause 
of the accident. Further research and m- 
vestlgation is in process concerning the 
signiBcance of evidence of carbon monoxide 


in body tis.siic of the aircraft occupants. 

By the Civil Aeronautics Board: 

James R. Durfee 
Chan GumCT 
Ilarmar D. Dennv 
C. Joseph Minetti 
Louis J. Hector 

The Civil Aeronautics Board was notified 
of the unreported aircraft at approximately 
0200, Nov. 9, 1957. .An investigation was 
immediately initiated in accordance with 
the provisions of Section 702 (a) (2| of 
the Civil .Aeronautics Act of 1938, as 
amended. A hearing, ordered by the Board, 
was held in San Francisco. California, on 
Jan. 15 and 16, 1958. 

SUPPLEMENTAL DATA 

Pan American V^orld Airways, Inc., is a 
New York corporation with its main offices 
in New York. Headquarters for the Pacific 
Alaska Division are at Son Francisco Inter- 
national .Airport. The corporation operates 
as an air carrier under a certificate of public 
convenience and necessity issued by the 
Civil Aeronautics Board and an air carrier 
operating certificate issued by the Civil 
Aeronautics Administration. These certifi- 
cates authorize the carrier to engage in air 
transportation between various points in the 
United States and foreign countries, includ- 
ing the route involved in this instance. 

Capt. Cordon H. Brown, in command 
ol Clipper 944. was 40 years of age and had 
been employ ed by Pan American since May 
I, 1942. His record shows that be had been 
progressively advanced within the companv 
and during' his 15 years of experience he 
liad made many over-ocean flights. Of his 
total flight time ol 11,314:55 hr., he tiad 
accumubted 674:50 hr. in Boeing 377 air- 
craft. Capt. Brown was based at San Fran- 
cisco and had been fiviug the Pan American 
Pacific-.Abska Division since Nov. 28, 1956. 


Company records show that all required 
ainnan cntiiicates and ratings on the Boeing 
377 were currently effective on the day of 
the accident. In addition, he had satis- 
factorily completed all PAWA ground train- 
ing requirements, including periodic pilot 
remrfiet emergency equipment on the 
B-377 and wet-ditching drill im Aug. 2, 
1957. He had had a rest period of approxi- 
mately II days. Capt. Brown held a class 
one medical certificate dated May 1, 1957- 

First Officer W'illiam P. Wyganl was 37 
years of age and liad been employed by Pan 
American World Airways since Sept. 24, 
1946. He had a total of 7,353:57 flying 
hours, of which 4,018:58 had been in B-377 
aircraft. He was currently certificated by the 
CAA and had also completed all special 
courses including emergency equipment in 
the B-377 and the wet-drill for ditching. 

Second Officer Willbm H. Fortcnl^rry, 
pilot-navigator for Clipper 944, had been 
employed by PAWA since August 27, 1951. 
He had a total of 2,683:10 hr., of which 
1,552 were in the B-377. .All of Mr. Forten- 
berry’s certificates and ratings were currently 
effective and he had had a rest period of 
over 19 days prior to his departure on Nov. 
S. Like both captain and first officer, he 
liad satisfactorily completed all requited 
regubr and spccbl courses, including emer- 
gency and ditching courses. 

Flight Engineer Albert F. Pinataro, age 
26, had been with P.AW.A since July 11. 
1955. Prior to employment with the com- 
pany he had completed an aircraft main- 
tenance course (9 months) at Glendale, 
California. Junior College and an aircraft 
and engine course (9 months) at Los 
Angeles City Aircraft School. CAA certifi- 
cates and ratings were currently effective and 
included those of flight engineer, aircraft 
and engine, aircraft and engine instruments, 
and radio telephone. His total flight time 
was 1,596:21 hr., all in Boeing 377 aircraft. 
Engineer Pinataro had 160 hr., rest period 
prior to hi.v duty assignment on Clipper 944 
on Nov. 8. 

Cabin attendants assigned to the crew 
complement consisted of John E. King, 
Flight Service Supervisor; Oliver E. Crostli- 
waitc. Purser; Marie L. McGrath and 
3’vonne L. Alexander. Stewardesses. All 
of these personnel had been einploved bv 
PAWA for several years and an examination 
ot company records showed all of them 
bad completed company training courses in 
B-377 emergenq’ equipment and ditching 

THE AIRCRAFT 

N 90944, a Boeing model 377, serial 
number 15960, was owned and operated by 
Pan American World Airways and was cur- 
rently certificated by the Civil .Aeronautics 
•Administration. Tlic aircraft had accumu- 
lated 23.690:58 flying hours. It was equipped 
with four Pratt <Sr Whitney R4360-B-6 en- 
gines. No. 1 engine had "a total time of 
13,804 hr., and 282 hr. since ovecluiul; No. 

2 engine a total of 16,317 hr., and 1.208 
hi. since overliaul; No. 3 engine a -total of 
16.961 hr., and 1,249 hr. since overhaul; 
and No. 4 engine a total of 13,459 hr., and 
153 hr. since overhaul. Tlie aircraft, 
engines, imd propellers had been maintained 
as prescribed and were within their time 
limitations. 
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WHO'S WHERE 

(Coiitiiiuce/ Irom page 13) 

Changes 

Dr. Konstantin Pestrccov, chief-optical 
systems group, Nortronics, a division of 
Northrop Corp,, .-Vnahciiii, Calif. .Also: 
33'alter Schumann, applications cngiiicci- 
automated checkout svstcins, and Burl H. 
lirvin, head-market research operations. 

Fred E. Hamlin, manager of infomiation 
vervices, Baltimore Division, The Martin 
Co., Baltimore. Md. 

Charles R. \%'ood. Jr., iiiaiiager-dcfeii-ic 
sales. Special Products Division. Weather* 
head .Aviation and Missile Croup, Clcvx-bnd. 

W, W. Pierce, manager of the recently 
Lvtablishcd support centcr-.\tbs ICBM. 
Convair (.Astronautics] Division of Ceucral 
Dviianiics Corp., San Diego, Calif. .Also: 
J. M- Rogers, siiperiiitcudcut; K. R. .Aidcii, 
acting chiel-siippoft sivpplv, L. I. .Medloek, 
thief .support quality control; 1. B. Iciikins, 
chief'support manufacturine conliul. 

M. Clayton Burgy, tccJinical specialist, 
Hercules Power Co.’s new rocket pt(i]selbiit 
plant, Bacchus, Utah. Clement J. Koefetl 
Mivceeds Mr. Burgy as assistant manager 
of the cxplcwives plant. Ishpcniing. Mich, 

Maj. Gen. Kingston K. Tibbetts {t.lS.\r, 
ret.), director, Paeific Division of the Den- 
ver Division, The Martin Co., Denver, 
Colo.. Ccn. Tihhets will direct the com- 

C iy’s Titan ICB.M activities at Vjiiden- 

I 

R. E. Collier, customer rebtions icprcsen- 
tativc-at-brge, Klectroiiies Division. Ryan 
Aeronautical Co., San Diego. Calif. 

Raymond K. McClintock, manager of the 
new Sloiintahi \’iew liihe Pbnt of Special 
I tibe Opi-iJtion.s. Sylvania Electric Products. 
Inc., Mountain \'icw, Calif. .Also: Gcoige 
Cvmiiell. niaiiagcT, production planning, 
SpvX'ial Tube Operations; A'illiam 15- Tas- 
ker, manager, Convair B 3S I Instil r progiam 
offiee. Special Tube Operations. 

G- M. Monroe, director, and C. I- Ben- 
ner, assistant ditecloi, newly esialilished 
Imvincss planning department. Chance 
\ oiight .Aircraft. Inc.. Dallas, Tex. 

Norman R. 33’ild. chief cngiiieer-equip 
iiient design, ami 'ITiomus K- NA’oodrnfF. 
eliief eiigiiicx'r.preljminarv design. Sanders 
Associates, Inc., Nashua. N II. 

Willbm R. Baker, quality coiitr--' man- 
jgci, Montebello, Calif., pbnt of AA'eslcm 
Design, a division of U. S. Indnstnes. liic.. 
Dis .Angeles. Calif. 

J. R. Slcother. assistant manager military 
gas turbine sales. Solar .Airetalt Co., San 
Diego, Calif. 

Eugene F-. Ebufoii, director of research. 
U. S. Flare Corporation and .Assoebtes, 
Saugus, Calif., snbsidbrv of .Atbiitie Re- 
-eareli Corp., .Alcxandib. \'a. 

A'ictor K. Aubrey, site m,iiiager-S.in 
Diego, Calif., opeiation of .Anna Divivioii, 
Ametican Bosch .Anna Corp., Carden City, 
Y. 

Geo^c J. Brown, thief engineer. Statliam 
Iiistriiiiientv. flic.. Los Angeles, Calif. 

AA’illiaiii O. Packer, defense prodiicls tep 
leseiitaliie-mielcat products. Erco Division, 
ACF Industries, Inc.. New A'ork, N. Y. 

|. C. Nolan, operations manager, Strato- 
fle-x, Inc,, r’orl AA’orth. Tew, 


Engineer$ 

land 

Scientists 


• ASTROPHYSICS 

• SPACE MECHANICS 

• SYSTEMS DYNAMICS 

• MAGNETO 
HYDRODYNAMICS 


^or creative work! 


We need men who can make original 
contributions In stability and control 
analysis, studies in space environment 
and navigation, magnetism, other 
problems in flight. In return 
we offer recognition of your ability, 
advancement commensurate with 
your accomplishments. Write or 
phone William Spangler, Manager, 
Professional Employment, Dept. AW3, 
The Martin Company, 

Baltimore 3, Md. 
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EMPLOYMENT OPPORTUNITIES 




In every professional area — research, development, 
experimental engineering — the pod h the same: 

IPING TIME 

in terms of technological progress 

^ m exotic propulsion systems for 

space operation - plasma propulsion . . . advanced 

nuclear poiver applications... 

^ in integrated electronic systems for 
flight vehicles to operate at every altitude 

^ in supersonic and hypersonic weapons systemsi 
both manned and unmanned 
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EMPLOYMENT OPPORTUNITIES 


DYNAMICS ENGINEERS 
RESPONSIBLE POSITIONS 
IN CHALLENGING 
AREAS OP DYNAMICS 
AT GRUMMAN AIRCRAFT 


BS or MS in AE, Applied Mechanics or Physics with 8-10 years’ experience 
minimum requirement in theoretical flutter analysis, flight flutter testing and 
vibration theory. Will supervise a group of engineers in the analysis of flutter 
and vibration problems related to all aircraft, missile and hydrofoil seacraft 
programs. 


BS or MS in AE, Applied Mechanics, Physics, with 5 or more years’ experience 
in theoretical flutter analysis of high speed aircraft and missiles, flight flutter 
testing, or vibration theory and test. 

BS or MS in AE, Applied Mechanics with Bor more years’ experience in missiles 
and aircraft dynamics. Responsible for the application of analytical techniques 
to solution of dynamics stability and control problems associated with aircraft 
and missiles with emphasis on dynamic aspects of flying qualities including 
flight simulator studies; missile guidance and control; and VTOL dynamics 
and control. 


BS or MS in Engineering or Physics with 5 to 8 years’ experience in theanalysis 


of the stability and performance of powered control systems for aircraft or 



orbital and space vehicles. 



tf you are qualified to work in any of the above areas, send your resume to 
Mr. A. Wilder, Engineering Personnel Director. Dept. GR-25 who will arrange 
an interview at your convenience. 


GRUMMAN AIRCRAn ENGINEERING CORPORATION 

Betlipage • Lwig Island • Nm Vorli 



ENGINEERS; 



GET BOTH AT 

BENDIX YORK 


ELECTRONIC 

ENGINEERS 


[ MECHANICAL EN GINEERS 

Cii^rr DLiGN,'’]^LaB «, Vidbo 

CiROUmiY, MiCROWAVn, 

Digital a Analc« Computbrs, 
Sbmi-conductors. CouroNiNT 
AKB Circuit Reliability. 
Interesting work on 
FoziKG Tbchnkjubs, Beacons, 


AVIATION CORF0RAT1ON 

YOlfc Dhrision 


tU way of life for your family!" 
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EMPLOYMENT OPPORTUNITIES 



the (ast-growing field of underseas warfare. If y< 
nl engineering degree plus background in one or n 
ng areas you can make imponanl personal comr 
echnology: 

• Acoustics • Electromagnetics 
• Communicatian and Information Theory 
• Circuit Design, Vacuum Tubes or Transistoi 
■ Electronic Servo Design 


Send resume in complete confidence to 
George B. Callender, Div. 64-WI 
HEAVY MILITARY ELECTRONICS DEPARTMENT 


ELECTRIC 


GENERAL 


CHIEF ENGINEER 


Vour inquiry 
will have 
Special value . 


ENGINEERS . PHYSICISTS 


With no previous experlenl 

could YOU have done about this problem? 


Specifications for the AN/UQS-1 mine deiecior sonar called for a 
system capable of discriminatiog between enemy mines and other* 
Underwater objecis-fish, beer cans, barrels or lockers. Heavy Mili- 
laty Electronics DepL engineers, with varied electronic backgrounds, 
resolved the problem by integrating a refinement of Doppler tech- 
niques with parabolic refleclor lechniques—previously used in search 
radars-and new inerlialess scanning into the AN/OQS-I to delect 
slight movement at extreme depths. 

Using your past experience in miniaturized circuits, solid slate 
physics, high power amplifiers, acoustics, data display or high speed 
data processing you could have conlribuled directly to the solutions 
of problems that faced HMED engineers when they undertook 
design and development of this advanced sonar system. 
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EMPLOYMENT OPPORTUNITIES 


Brilliant ground-floor opportunities 
for 

HIGH-LEVEL 

ENGINEERS 

in a new creative Missile and Space 
Flight Group in sunny San Diego 

fo"'!^Uve''engiiicers in SoL’s It is big enough to offer the most 

but cannot be to the crowd Salary and pcrform- 
announced at this time. The right ance reviewed semi-annually, 
men joining now will get to on the Liberal relocation allowances. 

positions in their fields of interest buttons to spacc-age technology 


of engineers is fi 




solarW;.._ 

AIRCRAFT eOMPANY^^ OES MOIHES 


iBlii 



Can you help resolve 
the complei problems 
posed by Ballistic Nose Gone 
and Space Vehicle Design 





p?? 
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EMPLOYMENT OPPORTUNfTIES 



Outstanding 

RESEARCH EKCINEERINC 
OPPORTUNITIES 

Now Available 


ACOUSTICAL RESEARCH SPECIALIST 
PROPULSION RESEARCH SPECIALIST 


DYNAMICS RESEARCH SPECIALIST 
METALLURGICAL RESEARCH 
SPECIALIST 

Tliese men needed 
new ideas in their particular field 
suitable for theoretical and ex- 
perimental investigation. 

AERDDyNAMICS: 

Desire man with supervisory expe- 
rience. Should hove five years or 
more in Aerodynamics. 

Please reply 

“You'll like working at Cessna, 

AsR any Cessna Employee." ' 


SENIOR RESEARCH ENGINEERS 

Exceptional positions ore open for experienced men capable of 
guiding and developing interesting research programs in the fields 
of Heat Power Equipment and Fluid Power Equipment with major 
emphasis on gas turbines, piston engines or fluid components. 
An M.S. or Ph.D. in Mechanical Engineering and extensive experi- 
ence in the above fields required. These men must be recognized 
leaders in the areas of Thermodynamics, Fluid Flow or Heat Transfer. 
These positions offer on opportunity to use your initiotive and crea- 
tive ability, Excellent employee benefits including 'liberal vocation 
policy. Please send complete resume to: 


ARMOUR RESEARCH FOUNDATION 


When Answering BOX NUMBERS . . . 


a the hondling o( yi 
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LETTERS 


Materials Dilemma 

iiS 



^glUi 









srsv?,s;^2“!“ 

us. At' airports let us ha«®a piece' of the 

f„.,:r.H “sj 
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NORTRONICS ASTRONERTIAL SYSTEM -ONLY GUIDANCE CONCEPT 
READY TO MEET THE CHALLENGE OF INTERPLANETARY NAVIGATION! 


REUDY NOW for the tlay maa first explores the 
planets. Nortronics' concept of Astronerlial 
Guidance is the most accurate known for 
long-duration flights. Astronertial Systems 
now in production deliver a wide margin of 
added accuracy-using Nortronics' exclusive 
24-hour star tracker to correct continuously 



CURRENT NORTRONICS STSTEMS trim weight to 
one-tenth, size to one-twentieth that of 
original systems. They are designed to de- 
liver pinpoint accuracy in applications to 
all types of space vehicles, cruise and ballis- 
tic missiles, terrestrial manned aircraft, sur- 
face ships and submarines. 




NORTRONICS 




FOR RADAR 


ANOTHER 


VARIAN FIRST 


TWT 


A MEGAWATT 


AMPLIFIER 


TEST DATA AT 1 1 0 KV 6 ws PULSE 


0^5 MW 


Varian is first with a commercially available megawatt Traveling Wave Tube 
amplifier. This tube gives system engineers greater freedom in radar design — 
a full megawatt of power over a major portion of the S-band without tuning. 
Interchangeable with the 1 Megawatt VA-87 Klystron for broadband operation. 

D 

Varian makes a wide variety of Klystrons and Wave Tubes for use in Radar, 
Communications, Tests and Instrumentation, and for Severe Environmental 
Service Applications. Over lOO are described and pictured in our new catalog. 
Write for your copy. 


B ■ A M associates 

W m m ■ 9 ^ Bb tube division 


PALO ALT022.CAI 

Representotives thruout the world 


KLYSTRONS. TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, HIGH VACUUM PUMPS. LINEAR ACCELERATORS. MICROWAVE SYSTEM COMPONENTS, 
R. F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWEll-AMPLIflERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 






